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The parameters of the step piezoengine for nano and micro bionics, adaptive optics, laser

systems, nanorobotics are obtained. The method mathematical physics are used. The
transfer functions of the central piezoengine and piezolock are determined. The transfer
functions for the step piezoengine for nano and micro bionics are investigated.
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Introduction

The step piezoengine is used for alignment and positioning in nano
and micro bionics, adaptive optics, laser systems, nanorobotics. The
step piezoengine is a piezomechanical device for converting electrical
energy into mechanical energy and for actuating mechanisms and
systems based on the piezoeffect' ! in the nanometer-to-millimeter
range. Increasing the travel range to millimeters with the positioning
error on the order of the nanometer is achieved by using the step
piezoengine with the multilayer central piezoengine and piezolocks
made of PZT ceramics.'®?’

Method

The parameters of the step piezoengine are obtained by method
mathematical physics with using the equation the inverse piezoeffect
and the ordinary second-order differential equation.

The transverse inverse piezoeffect'!? is written as
S, =dy By + )T,
1 = A3 B3 T8y,
and longitudinal inverse piezoeffect - as
Sy =dyy Ey + 33T
3 = dy3 b3 + 83305,

whereare S),S;,ds,,ds3, b 555,55, T, Ty the relative deformation
along axes 1 and 3, the transverse and longitudinal piezomodules,
the electric field strength along axes 3, the elastic compliances at the
transverse and longitudinal piezoeffect and E = const, the mechanical
stress along axes 1 and 3, then the equation for the inverse piezoeffect
has the general form''?

S,=d,E, +s;T;,

where S;, d,;, E,, slf, T, are the relative deformation, the
piezomodule, the electric field strength, the elastic compliance at
E = const , the mechanical stress, and the indexes 7, j=1,2, ..., 6; m
=1,2,3,...,6.

The ordinary second-order differential equation for central
piezoengine and the piezolock has the form'* !

2=
) s (es)=0,

where E(x,s), x, s, y are the Laplace transform of the
displacement, the coordinate, the transformation operator, the
propagation coefficient.

Parameters of central piezoengine and piezolock

The expression for the Laplace transform of the relative
deformation under the elastic inertial load has the form atx=0,
g (s)zE(O,s)zO and at x=1, Ez(s)zE(l,s), we have at the
one fixed end the solution of the ordinary differential equation of the
piezoengine in the form

E(x,5)=E,(s)sh(xy)/sh(ly),
where / is the length of the piezoengine.

The expression for the Laplace transform of the relative
deformation under the elastic inertial load at x =/ has the form

dE(x,s)/dx|x _;=dwiE, (s)-s;Mp’=E, (s)/SO -s; C.5, (s)/SO,

where M, C,, S,are the mass and the stiffness of the load, the
cross-sectional area of the piezoengine.

Therefore, we have the expression in the form
2, (s)ycth(ly)+E, (s)s,stz/So +Z, (s)s;j?rCe/So =d,.E,(s).

Then the transfer function of the piezoengine with distributed
parameters has the form

= d,l/8

W, _ Z(S) — mi ,

u(s) U(s) Msz/Cp+lycth(ly)+Ce/Cp

where C, =STOI, 6, l=nd, n are the stiffness of the
s,

i

piezoengine, the thickness of the piezolayer, the length of the
piezoengine and the number of the piezolayers in the piezoengine.

The transfer function on the electric field strength for the multilayer
longitudinal piezoengne for the central piezoengne or the piezolock of
the step piezoengne in Figure 1 has the form

W, (s) = E,(s) S— dynd )

E,(s) Ms’/C,+Iycth(ly)+C,/C,

Then the transfer functionon the voltage for the multilayer
longitudinal piezoengine with distributed parameters has the form

Ey(s) _ dy3n
U(s) Ms’/C, +lycth(ly)+C,/C,

Wy (s)=
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The transfer function on the electric field strength for the multilayer

Displacement for step piezoengine
longitudinal piezoengne for the central piezoengne or the piezolock of

the step piezoengne in Figure 1 has the form The amplitude step B of the step piezoengine is written as
__ndyUy _ kU
£ P=tvc o, ~ b
v I3 2 v s Sv e/ P
EsA A /
M P Let us consider the time diagrams of the operation of the step
v/ I L4 piezoengne on Figure 2 and Figure 3, where 7', 7;, ¢, 7 are the
220 ! o) period of the clocking pulses, the duration of the pulse, the time from
x=38 the start of the movement and the time in the current step.
I Iy A
ol «© g

Figure | Step piezoengine: | — central piezoengine; 2 — piezolock. n/‘

“ i T
Therefore, we obtain the steady state displacement of the free end —>
of the multilayer central piezoengne in the form e >
e() =LY gy 2 /i ¢
2 1+c,/c, 0" Rid

dyn . . . Y
where k, =—33—— is the transmission coefficient on the 4—)‘
1+C, / C,
voltage, ¢t — oo is the time, and U, is the voltage amplitude.

Figure 2 Time diagram step piezoengine in oscillatory mode.
For the piezoelectric actuator made of PZT ceramics with the A
elastic inertial load at d;; =0.4nm/V, n =8, C, = 2:10'N/m, C,= é

0.5-10"N/m, U, =100 V we obtain the transfer coefficient k;, =2.56
nm/V and the steady state value &, (00) = 256 nm with the error 10 %. k

Then, the transfer function W, (s) of the multilayer central k -1
piezoengne with the lumped parameters at the low matching circuit v T
resistance R — 0 and the elastic inertial load has the form -

E,(s) dysn >
W, (s)= 2( — 33 ,
u(s) U(s) (1+C,/C,) (15 + 2185 +1) 0 I, !
k >
W,(s)=—5—L—, d
us) T7s® +2TEs+1 7
i -
x -

where T, = is the time constant for the oscillatory link.

) Figure 3 Time diagram step piezoengine in aperiodic mode.

For the PZT ceramic multilayer central piezoengne with the the l;?sr tll;i:;t:?i)ﬁltzzeosetzgmfe;:);Eeiisec(l)llialiosrt}; h;ﬂi( mr(;dzei:t ﬁ/;:s
lumped parameters at the elastic inertial load C, =2-10" N/m, C, P PP & p Figu £
=0.5-10" N/'m and M =1 kg we have the const time 7, =0.2-10° s _éT
with the error 10 %. e T,

L . . =fk—-1+|1-—si +

Taking into account the capacitance C, of the multilayer central 5(1) P /1 _& sm(a),z' ¢’)
piezoengne and the high resistance R >>0 of the matching circuit we !
have the time constant for the aperiodic link 7, = RC,,

where . L . .

= (s) k For the central piezoengine in the oscillatory link mode at R >>0
W, (v) =2 U the displacement of the step piezoengine on k step Figure 3 is written
U (s) T,s+1 as
= plk—1+(1- *T/Ta) .

at T, >>T,. 6(7) ﬁ{ ( ¢

For the PZT ceramic multilayer longitudinal central piezoengne at
R =20kQ, C,=1 pF we have the const time for the aperiodic link Therefore, we have the parameters of the step piezoengine for
T, =20-107 s with the error 10 % and 7, /T, =10. nano and micro bionics.
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Conclusion

The step piezoengine is used for alignment and positioning in nano
and micro bionics, for adaptive optics and laser systems. Increasing
the displasement range to millimeters with the positioning error on
the order of the nanometer is achieved. The step piezoengine with the
multilayer central piezoengine and piezolocks made of PZT ceramics
and used due to its high rigidity and nano precision. The parameters
of the step piezoengine for nano and micro bionics are determined.
The transfer functions of the central piezoengine and piezolock are
derived.
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