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ABSTRACT

The structural model of a nano drive is determined for biomedical research. The structural scheme of the
piezo drive is obtained. The matrix equation is constructed for a nano drive.
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Introduction

A nano drive based on the piezomagnetic, magnetostriction,
piezoelectric, electrostriction effects is used for biomedical
research, nanomedicine, nanotechnology, nanobiology,
microsurgery. The piezo drive is used in scanning microscopy,

astronomy for alignment and focusing, image stabilization, in
adaptive optics and work with the genes [1-9].

Structural Model

The expression of electromagnetoelasticity [1-15] has the forn
S, = S;,EHTJ +dYE, +diH, _the piezo module,

here Tj— the mechanical stress, £ - the electric field strength,

H_-the magnetic field strength, S;:H - the elastic compliance

for E= const, H = const, di. - the piezo module, 47, - the

magnetostriction coefficient, S, - the relative deformation, the
axis i, j, m.

Therefore, the expression of the reverse piezo effect [1-15]
_ E
S, =dE, + s; T,
and the expression of the magnetostrictive effect [1-15]

Si - dm(Hm +S!§'{2—;

The expression of the shift inverse piezo effect [1-15]
Ss =dsE, +55E5TS

The differential equation of a nano drive is calculated [4-58]
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d*=(x,s)
dx’

x, 8, y are the transform of displacement, the

—yzE(x,s): 0
here =(x,s),
coordinate, the parameter, the coefficient of propagation.
For the shif piezo drive at x = 0 E(()’ s) ==, (s) and at
and x=b Z(b,5)==,(s) the solution of this differential

equation is calculated

E(x,5)= {8 (s)shl(b —x)y]+ E, (sh(xr)}/sh(oy)

At x=0 and x=b the expressions [11-39] are written

1 d=(x,s d,s
nlos)- 5 B0 g
T(bs)= L Ees)ds g
o 5355 de |, 3355 !
The structural model
-F (5) + (X.i )_1

% [chlbyE (s) - 5, ()]

. *FE(S)JF(%:’Ei)_I
SN e biatl |
SECIXORAD)

g(s)= (""1132)_1 y {dlsﬁl(s) [y /sh(by)] }

?:iEi = Siﬁi /SD
The expression of the shift magnetostrictive effect [1-15]

Sy =dH, +siT,
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The structural model is transformed

| _F1(5)+(1)5&;)71
EI(S)Z(MFISE) x|:d15H1(5)_["f/5h(bf)]]
x[eh(By)E, () - 2, ()]

L F2(5)+ (&i)_l
E?(j) = (‘M?Sz) y {d15H1 (5) —["{/sh(b"{)] ]
x[ch(By)E, (s) - =, (s)]

H _ _H
Lss = Sss /So
The expression ot the transverse inverse piezo ettect |1-15]

S, =dyE; + 5T,
The solution is calculated
E(x, s) = Ei(shl(r —x )]+ =, (s )shlxy)}/sh(y)

The system at x =0, and x =/ is calculated

1 d=(x,s) ds,
70,s)=— 1 By 2}
1( ’5) 51}51 dx » 51}:; 3(5)

1 d=(x,s) d
T(hs)= — 2=%S)_dn g
1( ,3) 51E1 d |, sﬁ 3(5)

3".151 :Slgl/Su

The expression of the transverse magnetostrictive effect [1-15]

S, =dyH, +S1}fT1

The structural model is transformed

A6
=)= 0s7) {dslm(sg—h/sh(mﬂ]

X [Ch(kf 51(3)_52(5)]

JH _ _H
L =3Sn /So
In general at /= { J, h, b the solution is calculated

=, s) = {8 (s)shl ~x)y] + &, (s)sh(xy)}/shity)

The system is transformed

1 d=(x,s) v,
T(0,5)=—4 -—%¥
J’{ ‘S) S‘-I-’ df 0 S;-f m(‘s]
1 d=(x,s) U
TAls)=— -y
J[ ‘5] S*I-f d\’: - Sf m[‘s]

The structural model on Figure 1 is calculated

T
=,(s)= (5 ) {VM‘P,H(S]— [ /shy) }
«[enlty)E, (s)- =, (s)]

—F(s)+ )

x[ehltyE,(s)- = (s)]

=,(s)=(s,57)" X[V,ﬂw,,(s)—wsh(m] }

X5 =55 /5o

A3, dyy. dys

‘mi = ) B33:831: 815

A3, dyy. dys

E,.E,
m D3 -‘Dl
H,.H,

E E E

S33:9712 55
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Figure 1: Scheme of Nano Drive
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The matrix of deformations is calculated [, xl

=

Fy(s)
F(s)

Wa(s)=E,()/¥F,(5)=v,, LMQZ;?S: + 'Fﬂl(z'."fz)J/A

Y
il

=]
p—
e
P

(=]
p—

ta

=]
p—

=]
L S—
L
— 2

shify)

i &

chity)

)

dy = ML st (o, + 02 e ¥ me)] 5+
+ [(ﬁ.«fl +M, })(_[.‘fa/ﬂl(if"f)+l/(cw)zlsz +2as/c¥ + o

Wo(s) = S50/, ()= v,o, [0 s” + vl /2)] [,
Figure 2: Scheme of Piezo Drive
Wl:(S] = El(s)fFl(S) =- f‘;r [M:X?SE +7/th (g“:’]l/ﬁﬁ At voltage control of the piezo drive its characteristis are evaluated
Wisls)== (SJJ’F:( =E,d,s;
=W,,(s)=Z,( h(l
als)=E ) [; fsull ] Fom = E,d,So/s;
W,.(s)==,(s)/F(s )——)(U [le s? +v/th(ly) I/A At current control of the piezo drive
In static the longitudinal deformations F - gdm S_g N Fo. d.s. _ 1 _ édm S_}g
&, = dy,UM, [(M, + M) o "5y S €S /88 " s
E.l zdSSLiﬂ"flf(ﬂffl_Fﬂ'fl] Fmax 1— fj:rE SIE :Emdm
Sy &Sy

For d,,=4-10""m/V, U=75V,M, =1kg, M, =4 kg the static
deformations § =24 nm,§ =6nmand {+&, =30nm are ( P )sE
calculated at error 10%. J mi

The expression of the direct piezo effect has form [1-15] k =d / IsEgT
mi mi i m

. =d, T +c E,
m m{/’s

Fow = E,d,Sy /s

here D, - the electric induction, £, - the permittivity.

The transform for the back electromotive force on Figure 2 is

evaluated D _( 2
s, =\l=k,,
d,S,R
U,(s)=—"0"= (s)=k, RE (s), n=12
s, here S_-the sectional area of the capacitor, C, - the capacitance,
The reverse and direct coefficients are calculated k_-the electromechanical coupling coefficient.
k =k, = d,:S, For a nano drive the mechanical and adjustment characteristics
! 8s, [11-26] are evaluated
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_ k3
SfLTj]LP:COHSJ[ N me\PmLchonst + iy ‘T.'i'
S(¥, ), =V, )T

! mJT=const mem Y J|T=const

The mechanical characteristic is written

AZma}( = Vmi\I}mZ
Fmax = T:;'maxSO = VmileSO/S;I

Therefore, for the transverse piezo drive this characteristic is
evaluated

Ah=Ah,, (1-FJF,,)

Ahmax - ‘3131E3]'Z

Fma.x = d31E3S0/S1E1

At d, =2-10"m/V, E,=0.75:10°V/m, h =2.5:10?m, S, = 1.5:10°

E
m?, §;; =15-10"” m*/N thevalues Ak =375nmand | =15
N are tfound at error 10%

In static the deformation of a nano drive

Al s:’ C,

mi m A[
I 5,

F=Cl
The adjustment characteristic of a nano drive is evaluated
A= v, Y,

C1+c,/cf

E
here §; = kSSJ-J.- the elastic compliance, k_ - the coefficient of
the change or elastic compliance

(1-42 )<k, <1
The expression for Figure 3 is evaluated

()= =, (6)U(s) =k, /N (s)

N(s)=ays’ +as® - a,s +a,

a, = RC,M, , a, =M, + RCyk,

a, =k, + RC,C ,+RC,C ,+Rkk,;, a; =C +C,

here k, is the speed damping coefficient.

U)) - -

RCys+1

] E,6)

=

Co+Cy+ks

Figure 3: Scheme of Piezo Drive at One Fixed Face

At R =0 the expression is evaluated

_ U
W(S): _(S) 7252 a =
st +2TE s+

kz,tl = d31(f?/6)/(1 +C, /ClEl)

T, = ﬂ/M/icf +Cf i, o, =T,

For M=3kg, C,=0.110’ N/m, ¢ =1.8-10’ N/m the values

T, =0.4:103s,9,= 2.5:10° s* are calculated at error 10%.

The static deformation

d.,(h/8\U _
&f?: 31\/,-‘.: 3L1
1+C,/ch

For d,, =2-10"°m/V, h/6=30, C,/C{=0.2
the coefficient kI, = 5nm/V is determined at error 10%.
Conclusion

For a nano drive the structural model is evaluated. The matrix of
the deformations is constructed. The characteristics of the piezo
drive are determined for biomedical research.
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