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ABSTRACT

The mathematical model of a piezo drive is determined for
nano chemistry research. The structural schemes of a piezo
drive are obtained for nano chemistry research. The matrix
equation is constructed for a piezo drive.
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INTRODUCTION

A piezo drive is used for scanning probe microscopy [1-6]. A
piezo drive is applied for the nano alignment in adaptive optics
and interferometers for the actively dampening vibrations, the
deform mirrors and the work with the genes [3-36].

Mathematical model

The piezo drive works on basis of the reverse piezoelectric
effect [8-52]

S, =d, E, + SUETJ

whereS,, d,,, E,, s},

module, strength electric field, elastic compliance, strength

T, , are the relative deformation, piezo

mi !
mechanical field, i, j, m are the indexes.

The differential equation is written [8-52]

d*=(x, s _
#‘de(x,s):o

Here, E(x,s), s, x,v are the transform of the deformation, the
parameter Laplace transform, the coordinate, the propagation
factor. For the longitudinal piezo drive we have at x =0 the
deformation 2(0,s)=Z, (s)and atx =38 =(3,5)=Z (s).

Its decision is written
E(x.s)=1{E, (s h[(6 )]+ =, (s hlxy)} sh(sy)

The system for the longitudinal piezo drive is obtained [14 —
26]forx=0and x =9
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The mathematical model is written

A a)”
+0-berT Tl brated

x[ch(37)E, (s) - £, (s)]]

RR0H )
5, (S) = (MZSZ) X |:d33E3 (S)_ [Y/Sh(SY)] ]

x [Ch(SY)Ez (S) -5 (S)]_

E _ E
X3 =53 S

where Z,(s), Z,(s) are the transforms of the deformations, S,
is cross sectional area.

The system for the transverse piezo drive is determined for
x=0andx=h
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The mathematical model of this drive has the form

| —F(s)+ (Xn)
EI(S):(MISZ) ><|:Ul31E3( )_[Y/Sh(hY)] :|
x[eh(ry)E, ()~ E,(s)]

. _Fz(s)"'(XlEl)il
Ez(S)Z(Mzsz) ><{d“E}(s)—[y/sh(hy)] }
x[eh(ry)E, (s)- 2 (s)]

E_ E
X =S So

The system for the shift piezo drive is written for x=0 and
x=b

1 d=(x,s) ds
7.(0,5)= — S g
5( S) sE dr |, sE |()
1 d=(x,s) ds
Ty(b,s)=— p ——>E\(s)
Sss X = Sss

The mathematical model is written

| _Fi(s)"‘(st)il
EI(S):(Mlsz) >{a’lsEl(s)—[y/sh(by)] }
x[ch(by)E, (s) - Z,(s)]

[FA6bE)
=.(0)= (') Jocser /o) ]
x[ch(by)E, (s)-Z,(s)]

E _ E
Ass = Ss5 S

At x=0and x=/ for l:{6, h,b the system in general is
obtained

dE(x, s)
dx

”l ‘Plﬂ( )

7,00.5)=
Sij
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Therefore, the mathematical model in general of a piezo drive
is determined on Figure 1
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Ez(s):(Mzsz) x{v’”’\}l’”() [y/sh(ly)]}
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Figure 1: In general, structural scheme of piezo drive.

The mathematical model of drive on Figure 1 is used for nano
chemistry research. The matrix of deformations is written
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F(S)

WZI(S) sz(s) Wza(s) Fz(s)

(Z6)-(2i6) 7t mt) )

Where the functions are

W) = E, ()2, ()= v, [Ma)s® + n(ey/2)) /)

A; =M1Mz(x;”)zs4 + {(Ml +M2)X;J/[thh(”)] }y3 *

Vot )l e P 20 4 o
W21(s) = ( )/‘P (

Wolo)= 26/ F )=y (s 1/

V. [Mlx;fsz +yth(ly/2)] /AU,

W23(S)= Ez(s)/Fz(S):_X;‘ [Mlx;;‘sz +Y/th(ZY)]/AU

The settled longitudinal deformations are determined
& :d33UM2/(M1 +Mz)

&, :d33UM1/(M1 +M2)

For d,;=410"m/V,U =25V, M, =1kg, M, = 4 kg we
have the settled deformations ;=8 nm,&, =2nm and & +E&,

=10 nm at error 10%.

To calculate the back electromotive force of the piezo drive,
we use the equation of the direct piezoelectric effect [8-16]

Dm =d Tl +8/€1/\‘E

mi

Where D, &f
i, m, k are the indexes, The direct coefficient %, for the piezo

. are the electric induction and the permittivity,

drive is written

dm:S
kd = SSE

g

The transform of the voltage for the back electromotive force
of the piezo drive on Figure 2 has the form

d,.SoR =, _
Ud(s)_lgT:‘n (S):de':‘n (S)’ n :1’2

y

Where n is the number of the face.
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Figure 2: Structural scheme of piezo drive with back
electromotive force.

Consider the influence of the back electromotive force of the
piezo drive on its static deformation.

At voltage control the maximum mechanical stress and the
maximum force are written

m ml/S

m lnlS /S

/mdx

At current control the maximum force has the form

FmaX = g dmf S_g + Fmﬂx dmiS( 1 1 dml S_g
) s S, el S, /68 st

J

Where S, C, are the sectional area of the capacitor and the
capacitor capacitance.

Therefore,
2
Fmax 1 dmi E =K d
— S =
S T E ij m~"mi
0 gmksi/'
and

2
/max ( kmr )S’
- E.T
kmi - dmi/ si/’ 8/11/{

where £,

Emdmi

; is the electromechanical coupling coefficient.

For current control of the piezo drive we get the expressions

/71 ml/Sl/

max m mlS /S

/m ax
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D _ 2\ .E
Sy = (l =k )gi/'

The elastic compliance s;; takes the form s!.f >s; > s

i
s /sq.’].J <1.2. Therefore, Cl_-‘lg = SO/(SUEZ) is the stiffness of drive at
voltage control, C!./.D = SO/(S[./L.’l) is the stiffness of drive at current
control, CUE <C,< Cif’ Gy = SO/(si/,l) is the stiffness of drive.
The stiffness of a piezo drive at open electrodes increases then

where

the stiffness at closed electrodes.

From the equation of electroelasticity the mechanical
characteristic S,.[T/.] [11-26] is determined

=v V¥

W—const mi ~m

s,(T;]

J

b d
+s,./.T/

W=const
And the adjustment characteristic S, (‘Pm ) [11-26] is obtained

Si(\ym)

mi

_ g
=v,¥, +s,T)

T'=const T=const

The mechanical characteristic is written

Al = Almax (1 - F/Enax )

Al =V, Yl

max mi

F, max ~ © jmax mi

T S0 =V .‘I’mSO/s,\/P

is the maximum of the deformation and F

max max

Where A/ isthe
maximum of the force. The mechanical characteristic of the
transverse piezo drive is determined

Ah = Ahmﬂx (1 - };‘/F'mﬂX )
Ahmax = d31E3h

Fmax = d3]E3S0/S1£;

Atd, =210-10 m/V, E;=0.5-105V/m, h=2510-2m, S, =
1.510-5 m2, sfl = 15-10-12 m2/N the parameters are found
Ay, =250nmand F,, =10 N at error 10%

The deformation of a piezo drive at elastic load has the form

v
- C
A_l = Vmi\Pm - S”_“Al
! S,
F=C,l

The adjustment characteristic of a piezo drive is written
Al — Vmil\.}}m -
1+C,/C;
We get in general the elastic compliance s; = kl\‘s[f and the
coefficient k, of the change of elastic compliance

(1-k2 )<k, <1

mi
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The direct and reverse coefficients of a piezo drive in the form

s

y
From Figure 2 we get the structural scheme Figure 3 of a piezo
drive at one fixed face and elastic-inertial load.

kR

UG)| - :

RCys+1

Ez(s)

Figure 3: Structural scheme of drive.

The expression on voltage for Figure 3 has form
W(S): EZ(S)/U(S): /(r/(a}p3 +a,p’iap+ ao)
ay,=RC\M,, a,=M, +RCyk,

a, =k, +RC,C;+RC,C +Rk .k, , ay =C +C,
Here k  is the damping coefficient.

For the transverse piezo drive at R =0 the expression on
voltage is obtained
w(s)= E(s) _ ks,
T’s* +2T¢ s +1
ks% = dsl(h/é)/(1+ C//Cﬁ)

7, =\Mm/(c,+C5), o, =VT,

For M =1kg, C,=0.1.107 N/m, C{=1.5.107 N/m we have 7, =
0.25.10-3 5, ®,=4.103 s-1 at error 10%.

The settled transverse deformation has the form

_ dy(h/8)U

1+¢,/Ct:

For dy,=2-10-10 m/V, /& =25, C,/C}; = 0.1 the coefficient is
determined k!, = 4.5 nm/V at error 10%

= kU

CONCLUSION

The mathematical model and the structural schemes of a
piezo drive are obtained for nano chemistry research. The
matrix of the deformations of a piezo drive is constructed. The
parameters of a piezo drive are determined.
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