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Abstract

In the work the characteristics of an electromagnetoelastic engine for nanorobotics and automation research are found. The
structural diagram of an electromagnetoelastic engine is received. In the visibility of energy conversion, the structural diagram
of an electromagnetoelastic engine has a difference from Cady and Mason electrical equivalent circuits of a piezo vibrator. The
matrix equation and the matrix transfer function of an electromagnetoelastic engine are derived.
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Introduction

In nanorobotics and automation research an electromagnetoelas-
tic engine in the form of piezo engine or magnetostriction engine
is used for nanopositioner, nanomanipulator, laser system, na-
nopump, scanning microscopy [1-4]. The piezo engine is applied
for microsurgical operation, optical-mechanical device, adaptive
optics system, fiber-optic system, photolithography, adaptive tele-
scope [5-14].

The electromagnetoelasticity equation and the differential equa-
tion of an electromagnetoelastic engine are solved to obtain the
structural schema of an engine. In the visibility of energy conver-
sion the structural schema of an electromagnetoelastic engine has
a difference for from Cady and Mason electrical equivalent circuits
of a piezo vibrator. By applying the methods of electromagneto-
elasticity the structural schema of an electromagnetoelastic engine
for nanorobotics and automation research is received [4-12].

Characteristics of engine
For nanorobotics and automation research the structural schema of
an electromagnetoelastic engine replaces Cady and Mason electri-
cal equivalent circuits [5-8]. The equation electromagnetoelastici-
ty of an electromagnetoelastic engine [1-23] has the form

S =d ¥ + 5;‘ T,
where S, dm’., v, s;‘ and 7} are the relative deformation, the mod-
ule, the control parameter or the intensity of field, the elastic com-
pliance, and the mechanical intensity.

In static for nanorobotics and automation research the mechan-
ical characteristic [4-40] of an electromagnetoelastic engine has
the form

— ¥
Sf |‘I-f=wnst - dfﬂf\Pfﬂ “If:wnst + Sff I—:F

In static the regulation characteristic [4-39] an electromagneto-
elastic engine has the form

a3
= dmfle +‘§{} T_;

i |T=\:onst |T:const

After transforms the mechanical characteristic of an electromag-
netoelastic engine has the form
Al = AlUlElX (1 - F/Fmax)

where index max is used for the maximum value of the parameter
in the form displacement or force

Al d, .1

max — i Tt
szx = T:imaxS(] = dmrlymsﬂ /“S:‘

For the piezo engine at the transverse piezoelectric effect the max-
imum values of parameters have the form

Al =d5 Esh
Fow = 315350/3151

Atd,=2-10"m/V, E, = 0.6:10° V/m, h=2.5:10"m, S=1.5-107
m?, st =15-10"> m*N the parameters of the transverse piezo en-
gine are received Ah, =300nmand ¥, =12 N.

The regulation characteristic of an electromagnetoelastic engine
for nanorobotics and automation research at elastic load is ob-
tained in the form
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F=C.Al
In static at elastic load the equation of the displacement of an elec-
tromagnetoelastic engine has the form
] — dmr"pr
1+c,/cy
Therefore, the equation of the displacement at elastic load for the

transverse piezo engine for nanorobotics and automation research
has the form

kal'i :(dSI ;?/5)/(1"'6‘@/6‘151 )
where £,is the transfer coefficient.

Atd, =2:10""m/V, h/6 =16, C/ =2.8-10"N/m, C,=0.4-10" N/m,
U =300 V the parameters of the transverse piezo engine are ob-
tained &,”=2.8 nm/V and Ak = 840 nm. Theoretical and practical
parameters are coincidences with an error of 10%.

The differential equation of an electromagnetoelastic engine for
the mechatronics control systems in nanorobotics and automation
research has the form [4-35]

dlE(x,p)/dxl —7*=(x, p) =0
v=p/c* +a
where = (x, p) is the transform of Laplace for displacement; p, v,

c¥, a are the operator of transform, the coefficient of wave propa-
gation, the speed of sound, the coefficient of attenuation .

Therefore, the decision of the differential equation of an electro-
magnetoelastic engine has the form

Z(x,p)=Ce™ + Be™
In this decision the coefficients C, B have the form
c=(Ee" -, )/[2sh(y)]

B= (Ez -Ze )/ [ESh (ty )]

where Z (p), E,(p) are the transforms Laplace of displacements for
faces 1 and 2 for an engine.

The system of the equations for the transforms Laplace of forces
on faces of an electromagnetoelastic engine for nanorobotics and
automation research is found [10-40]

M, p’E,(p)+ F(p)=S,T,(0.p)
_szzaz(P)_Fz(p): So T/(l’p)

where M|, M,, F,(p), F,(p), Y;(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 engine.

For an electromagnetoelastic engine the system of the equations
the transforms Laplace of stresses on faces has the form

1 d=(0,p) d,
7.(0,p)=— oy
Jr( p) S;.r dx S:r m(p)
1 d=(l,p) 4
T.(lp)=— 208 Dnig

Therefore, the system of the equations for the structural schema on

Figure 1 and model of an electromagnetoelastic engine for nano-
robotics and automation research has the form

' —Fl(p}+[l/;?]
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Figure 1: Structural schema of electromagnetoelastic engine for
nanorobotics and automation research.

Hence the matrix equation of an electromagnetoelastic engine for
nanorobotics and automation research with matrix transfer func-
tion has the form

[El(P)]: .Wn(P) le(}’) Wla(.P)] \?‘;((P))
=(») _ng(p) Wyu(p) ys(p) Fié)

After transforms the matrix equation of an electromagnetoelastic
engine at the inertial load the steady-state displacements & (o),
&,(0) of an electromagnetoelastic engine have the form
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= E.l(ac) = dm'.‘\PW":'f Ml/(Ml * Ml)

- = .-:3(0':): dmf\Pm"er/(Ml +M2)

Therefore, the steady-state displacements of the transverse piezo
engine at the inertial load have the form

3_1(”3): d31(}?/8)UM3/(M1 "‘Mz)

&y (@) =dy, (n/3JUM, /(M + M,)

At d,,=2:10"m/V, h/5=20,U=200V,M =2kgand M,=8
kg the parameters of the transverse piezo engine are found & (o) =
640 nm, & (o) = 160 nm, & (0)+ & (o0) = 800 nm.

Conclusions

In the work the characteristics of an electromagnetoelastic engine
for nanorobotics and automation research are received. The struc-
tural schema of an electromagnetoelastic engine for nanorobotics
and automation research is shown. In the visibility of energy con-
version the structural schema of an electromagnetoelastic actuator
has a difference from Cady and Mason electrical equivalent cir-
cuits of a piezo vibrator.

From the equation electromagnetoelasticity and the differential
equation of an electromagnetoelastic engine the structural schema
of an engine is found. The matrix equation and the matrix transfer
function of an electromagnetoelastic engine for nanorobotics and
automation research are written.
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