American Journal of
Biomedical Science & Research

Research Article

@www.biomedgrid.com

ISSN: 2642-1747

Copyright© Afonin SM

Structural Model of a Nano Drive for Biomedical
Science

Afonin SM*

National Research University of Electronic Technology, Russia

*Corresponding author: Afonin SM, National Research University of Electronic Technology, Russia.

To Cite This Article: Afonin SM* Structural Model of a Nano Drive for Biomedical Sciencec. Am ] Biomed Sci & Res. 2024 21(2) AJBSR.

MS.ID.002825, DOI: 10.34297 /A]BSR.2024.21.002825

Received: g : November 2, 2023; Published: & January 23, 2024

Abstract

The structural model of a nano drive is determined for biomedical science. 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 science,
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 electromagnet elasticity [1-15] has the forn

_ JEH H E
Si - Sij Tj +dmiEm +dmiHm
here 7; - the mechanical stress, E,- the electric field strength,
H, -the magnetic field strength, ¢z# - the elastic compliance for
ij
E =const, H =const, d'-thepiezomodule, d,,-the magneto-
striction coefficient, S;- the relative deformation, the axis i, j, m.

Therefore, the expression of the reverse piezo effect [1-15]

S,=d,E

E
mi*~'m + Sij T;
and the expression of the magneto strictive effect [1-15]
S, =d H, +s;1T/.
The expression of the shift inverses piezo effect [1-15]

Ss=dsE + sstTs

The differential equation of a nano drive is calculated [4-58]

d 2E()c,s) )
————yE(x,5)=0
de 4 ( )
here =(xs), x ,s, Y are the transform of displacement, the

coordinate, the parameter, the coefficient of propagation.

For the shif piezo drive at x=0 =(0,5)==,(s) and at x=5

2(b,s)=5,(s) and the solution of this differential equation is calcu-
lated

E(x,5) = {2, (s)sh[(b-x)7 ]+, (s)sh (x7)} /sh (by)

At X=0 and x=5b the expressions [11-39] are written

1 d=(x,s) d
T.(0,5)=— Y
:(05) sk dx o st (%)

1 d=(x,s d,
)= EE) e

Ss5 Ly 555

The structural model
R (s)+(z5)

Z (s)= (MISZ) ' x|:dlSEl (s) —[7/sh(by):| }
><[ch(b;/)E1 (s)-2, (s)]
F()+(2)
=, (0)=() {dums)— ) }
><[ch(b}/)Ez(s)—E1 (s)]
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The expression of the shift magnetostrictive effect [1-15]

Ss=d\sH, + SgTs

The structural model is transformed

+()
E,(s):(Mlsz)i1 {dlSH [7/sh(b7):| :|
[ch E (s)—Ez(s)}

F () +(24)"
g, (s)=(Mys*) {dlsHl(s)[y/sh(b}/)] }
x[ch(by)E, (s)-Z, (s)]

Zg :Sslg/So

The expression of the transverse inverse piezo effect [1-15]

S, =d; Es+ SlElTl

The solution is calculated

E(x s) {

The systemat x=0 and x =/ is calculated

1 dE(x,s) d
7(0,5)= “Gug
e B
1 d=(x,s) d
T(h,s)=— )
1( S) Sﬁ dx . lel 3(S)

The structural model has the form

~F(s)+ (7))
E](s)=(M]SZ)" X|:d31E3(s)—|:7/sh(h}/)] :1
x[ch(hy)E, (s)-E,(s)]

~F,(s)+(x)”
z(s)z(Mzsz)" ><FIME3 )-[7/sh(hy)]
x[ch(hy)Z, (s)-Z,(s)]

[1]

Zﬁ = SlEl/So

The expression of the transverse magneto strictive effect [1-15]

S, =d,H, +517];
The structural model is transformed
-F(s)+(41)

E.(S)=(M.SZ) ><{alnH3 [}//sh h;/:' }
[Ch(h}/)“‘!( )’Hz(“‘)]

—E,(s)+ (")
2. (s)= (M) {m )~[7/sh(h7)] }
x[eh(hy)Z, (s)-E, (5)]
le-ll =sll11,/So

sh[h x }+Ez(s)sh(x}/)}/sh(h}/)

|
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In generalat /={8,h,b the solution is calculated

E(x,s)z{E sh[l x 7/:|+._.2 sh(x}/)}/sh(ly)

The system is transformed

7 (00) =S EEI Yay ()
i =0 i
1 dE(x,s) V.
T (I,s)=— g
5 (Ls) o a | s u(5)

The structural model on Figure 1 is calculated

_F( ) (Z/)
El(s):(Mlsz)I ><|: —[y/sh ] :l
x[eh(17)E, (5)-E, (5)]
~E(s)+ ()

=)= (M%) { W (5) [ 7/sh(17)] }
[Ch l}’ ‘—:( ) ( )]

v v
Xi =Sy /SO
dy;,dy;,d;s
Vi = 83308310815
dy;,dy;,d;s

E}’EI

83358115555

_ ) p D
S = 53355115555

sl s
y={E oy

The matrix of deformations is calculated (Figure 1)
(201t 7t ) o
E Wo(s) Wa(s) W(s) A(s)

W, (5) =2, ()W, (5) = v,y [Moz)'s” +7th(17/2) /4,
A =M, () 5"+ (4 0) 7 [t ()] [+
+[(M1 +MZ)Z;“a/th(1y)+1/(c““)z}sz +2as/c" +a?
Wy (s) =2, (s)/ ¥, (s)=v,.[M,z)'s" +yth(ly/2 ]/A
Wo(s)=E,(s)/F (s) =~z [Moz)'s" +/th(17) ] /4,

( ) (9)/F(s) =
= (R L7/,

Wes(5) =82 (5)/Fo () == [ Moz s+ v/t (19) ] /4,

[I]

In static the longitudinal deformations
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here p -the electricinduction, .z - the permittivity.
& =d,UM,/(M, +M,) . &k p y.

& =dUM, / (Ml +M2) The transform for the back electromotive force on Figure 2 is

For 4, =4-10" m/V, U =75V, M, =1kg, M,=4Kkgthe

evaluated; (o) 9uSRz (o) rZ (s) n=12

static deformations &, =24nm, ¢, =6nmand ¢ +¢, =30nmare S5t =

calculated at error 10%.
In general the reverse and direct coefficients are calculated

The expression of the direct piezo effect has form [1-15] (Figure 2) d S,

d
Dm = dml]: + grkak 5Sij

¥, (\)

Figure 1: Scheme of nano drive.

sh(ly)

=0

U(s) E,(5) x|

=
dx |,

Y

sh(fy)

Figure 2: Scheme of piezo drive.

At voltage control of the piezo drive its characteristis are
evaluated

Fmax_éwdmi E+ S dmiSc TS/55 mi E
Sij 0 gmk c sij
_ E 2
Fmax - EmdmiSO/Sij Fmax 1— dmi E _ d
S T E Sij - Em mi
At current control of the piezo drive 0 EniSiy
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T

Jmax

_ E T
km[ - dmz/ Sij 8mk

= Emdmi/slf

1

(1-k.)s; =E,d,,

T

Jmax
Fo=E,d,S,/[s’
max m~mi™~0 ij
D _ 2\ E
Sy = (l—kml.)sij
here S, - the sectional area of the capacitor, ¢, - the capaci-

tance, f - the electromechanical coupling coefficient.

For a nano drive the mechanical and adjustment characteristics
[11-26] are evaluated

— v
Si [T; ] W =const - V”’qu'" |‘P:const + Sij T;
— v
S, (\Pm ) Teconst ViV +8; T, —const

The mechanical characteristic is written

Al = Almax(l_F/Fmax)
Almax = le.‘Pml
F =T, S() :Vmi\IJmSO/S;I

max J max
Therefore, for the transverse piezo drive this characteristic is

evaluated
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Ahmax = d31E3h
Fmax = d31E3S0/SlEl

At 4 =2:10"m/V, B =1510°V/m, h =25107m, 5=
15105m? s =15-10"2m?/N the values Aty =750 nmand F
=30 N are found at error 10%

In static the deformation of a nano drive

Al

v

s C

ij e
—=v, ¥, —A

/

0
F=C,Al
The adjustment characteristic of a nano drive is evaluated

Al — Vmil\ym

v
1+C,/C;
here s; = kssl_j"_E - the elastic compliance, ;- the coefficient of

the change of elastic compliance

(1-k,

mi

)<k <1

The expression for Figure 3 is evaluated
W(s)=E,(s)/Uls) =k, /N(s)
N(s) =ays’ +ast v ays+a,
a,=RCM,’ a, =M, +RC,k,

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

here j is the speed damping coefficient (Figure 3).

kR
1 NP 1 ] =2 (3)
RCys+1 ’ M,s s
Co+Cy+hkys
Figure 3: Scheme of piezo drive at one fixed face.
At R =0 the expression is evaluated
E(s) ks, Ah_w_kUU
W( ): =22 - E 731
U(s)  T7s*+2T&s+1 1+C,/Ci

Ky =dy, (W/8)/(1+C,/CF))

T =

t

mf(c+ch), o =T

For M =4kg, C =0.1-10"N/m, ¢ =1.5-107 N/m the values
7,=0.5-10% s, ®, =2-10% s are calculated at error 10%.The static

deformation

For 4, = 2:10"m/V, p/s =22, CI/CIE1 = 0.1 the coefficient
kY = 4 nm/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 science.
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