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Structural model of nano piezoengine for applied
biomechanics and biosciences

Abstract

The structural model of the nano piezoengine is determined for applied biomechanics and
biosciences. The structural scheme of the nano piezoengine is obtained. For calculation nano
systems the structural model and scheme of the nano piezoengine are used, which reflect
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equation is constructed for the nano piezoengine in applied biomechanics and biosciences.

Keywords: nano piezoengine, structural model, applied biomechanics and biosciences

Correspondence: Afonin SM, National Research University of
Electronic Technology, MIET, 124498, Moscow, Russia,
Email learner0 | @mail.ru

Received: April 17,2023 | Published: April 26,2023

Introduction

The nano piezoengine based on the inverse piezoeffect is
used for applied biomechanics and biosciences, nanomedicine,
nanobiology, microsurgery. The nano piezoengine is provided for
applied biomechanics and biosciences in scanning probe microscopy,
interferometers and adaptive optics, actively dampen vibrations,
deform mirrors and the work with the genes.!-¢

For calculation nano systems the structural model and scheme of
the nano piezoengine are used, which reflect the conversion of electrical
energy into mechanical energy of the control object.>"?

Structural model

For calculation the nano piezoengine on Figure 1 is determined the
inverse piezoeffect."*
E
S;=d,;E, +s5;4T;

hered ,sf ,E, ,Tj , S; are piezomodule, elastic compliance,
strength electric field, strength mechanical field, relative deformation.
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Figure | Nano piezoengine.

For the nano piezoengine the differential equation is evaluated* >
d* = (x,s)
dx?
here E(x,s) , X, s, Yy are the transform of deformation, the
coordinate, the parameter of transform, the factor of propagation.

- E (x,5)=0

For the longitudinal piezoengine at x =0 the deformation
E(0,5)=E;(s),at x=38 E(J,s)=E,(s) are calculated.

Its solution is written*=3¢

E (x%,5)={5) (s)sh [(5-x) 7] +E,(s)sh(x7)} /sh (o)

For the nano longitudinal piezoengine in Figure 1 its relative
displacement on 3 axes' has the form

£
Sy=dy3 Es+s33 T

The system for the nano longitudinal piezoengine is obtained' ! for

x=0,x=0

1 dE(x,s d
m(0.)= OB g
$33 x=0 533
1 dE(x,s d
T3(5,S)=—E# - =2 E(s)
§33 x=5 $33

The structural model is evaluated for applied biomechanics and
biosciences

NECRE
51(5)=(M1s2) X{dszEs(S)‘[y/Sh(ﬁy)] }
x[ch(é‘y)El(S —52(5)]

R ()
2(S)=(M252) X{dﬁE}(s)—[y/sh(é‘}/)]}
x[ch(éy)Ez(s) —:l(s)]

(1]

here 2 (s), E,(s) - the transformations of displacements, S, -
the area.

For the nano transverse piezoengine the expression of the transverse
inverse piezoeffect' %

£
Sy=dy B3+ s h

The system for the nano transverse piezoengine is determined for
x=0and x="h

(o) - L LEES g ()
S11 dx x=0  S11
1 dE(x,s d
) == SEE
S11 x=h 511

The structural model of the nano transverse piezoengine is
calculated
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d31E3 s)=[r/sh(hy)] |

)Z2(s)-21(s)]

E E
x1=s 11/ So

For the nano shift piezoengine the expression of the shift inverse
piezo effect'”

E
Ss=ds E; +555T5

The system for the shift piezoengine is writtenat x =0 and x =b

1 (o) - 2D s )
S'ss dx xX=0 Sss
1 dE(x,s d

n(ss)- LD s g
S'ss5 x=b Sss

The structural model is calculated
FEENETE
51(8):(1‘4132) X[a’wE](S)[?’/sh bV)J}
x[ch(by)Ei(s)~ Ea(s) ]
~Fy(s)+ (25
22(5)= (M2 |4 T s 24(s)- [7/sh(br)]
X{[cwa() =i(s )]}

ISESZSSE;/SO

At x=0 and x=1 for /= { 3, h, b the system in general is
obtained

1 dE(x,s) vV,
T-(O,s)z—i —p (s)
J m

S

1 dE(x,s) V..
Ti(l,s)= 2Ly (s)
J m

s\; dx . S‘;

The structural model and scheme of the nano piezoengine on
Figure 2 are evaluated

—F (s)+ (75 i ) :
X[vmws)—[y/shwn]
x[ch(ly)El(S)—:z(s)]

) —Fz(s)’L(Z;})il

Ez(S)=(M2S2) x[v o (s)=[7/sn(1 )]1

N (s) = (Mlsz)

v_ v
Xij =S /SO
_{d33>d31 .dis
Vi =
£33 ,831-815

E3,E3,E|
\Pm:{D D3,D
3-73-H1
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Figure 2 In general scheme of nano piezoengine.

The displacements matrix is calculated

i

2 2 2
(b +Mz]l:}fa/ﬂ1(ly)+ 1/(”) }‘ +2a.v/cl” +a*

2
v\ 4
A :M]MZ(lzj) s+

(My+ )2} / {c\” m(zy)]}.é .

=V |:M1;{\;S2 + 7th(l}//2)}/A

i

/Fl(s)— ;(U[Mz;(ys +}//th(1}/)}/

Wys (5)=Z,(s)/Fa () = Was (5)=Ea(s)/Fi(5) {;{l]}//shly}/A

Ws (5)=Z(s)/ 2 (5) == §[ My 2§ 5 7/ (1) | [
The static longitudinal displacements are evaluated

& =ds3 UM, [(M,+M,)

& =d3 UM, [(M;+M,)

For dy; = 4-107%m/V, U =25V, M, = 1kg, M, =4kgthe
static displacements & =8 nm, &, =2nmand £ +¢&, =10 nm are
evaluated at error 10%.

i

The equation of the direct piezo effect is used'*
E

D= dpi Ti+ € i By

dmi SO

E
6Slj

kd:
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here ¢ ,Ek , D, , k; - the permittivity, the electric induction and
the direct coefficient. The transform the voltage of feedback for the
nano piezoengine on Figure 3 is calculated

Uy(s)= 25082 (o)< kyR2 (5), n=12
Os

Figure 3 Scheme of nano piezoengine with back electromotive force.
For the nano piezoengine its static deformation is obtained.
For voltage control
T Jmax

Fonas = By i So 55

max m “mi20 ij

For current control

_ E
_Em dmi Sij

U S F 1 1 S
Fmax :Edmi%+ %dmiscrigdmiig
s 0 E mk Sc/é' Si
F d?
max | | _ mi ngEmdmi
So Enist
2\ E
ijax (l_kmi)sij:Emdmi
E_T
ki :dmi/\lsii € mk
here S, ,Cy, k,,; -thesectional area of capacitor, the capacitance,

and the coefficient of electromechanical coupling.
For current control of the nano piezoengine
D
=E,d s
Fax =Epd i So /55
max m % mi20 ij

D 2 E
sy =(l—kml-)sl-j

Tj max mi

The mechanical characteristic of the nano piezoengine is obtained
AL = Al (1= F/ )

Al pax = Vi ¥ ol

Foax =T maxS0 = Vi ¥ So/s;?

The expression of the mechanical characteristic of the nano
transverse piezoengine is calculated

Ah:Allh‘nax(I_F/Fmax)
Aoy = d31 E3h

E
Frnax =d31E3S0/511
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At dy =210""m/V, E; =0.5105V/im, h =2.5107m, S,
=1.510°"m? sf =15-10"2 m¥N the parameters Ah,, =250 nm,
Fax = 10 N are obtained on Figure 4 at error 10%.

250 4 M
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Figure 4 Mechanical characteristic of nano transverse piezoengine.

The deformation piezoengine at elastic load is obtained

Al s;' C,

/ Vimi T'm

Al

0
F=C,Al

The control characteristic of the nano piezoengine is determined
Vi 1Y,

Al =
1+Ce/c‘};

=

sy =kysp; . (17 k,il.)sks <1
here k; the coefficients change of elastic compliance.

For the nano piezoengine its reverse and direct coefficients are
calculated
kr = kd = 7dg‘m SO
Sij
By using the equation of load the scheme of the nano piezoengine
with one fixed face on Figure 5 is calculated.

kR

£6)
1 N 1 1
RCys+1 '

50)

C.+C, +ks

Figure 5 Scheme of nano piezoengine with one fixed face.
The expression on voltage for Figure 5 is calculated
W ()= Z2(s)/U ()= k, /N (s)
N(s):a()s3 +a152 +ays+ay
ag=RCyM,, ay=M, +RC k,
ay =k, +RCC; +RCyC +Rhk kg, a3=C,+Cy
here k, - the coefficient of damping.

For the nano transverse piezoengine for R =0 the expression on
voltage is determined
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2(s) _ k3)
T2 % 42T & 5 +1

k3)=dsy (h/g)/(1+C1/C1E1)

T, = /M/(c,+c£) , @ =T,

For M =2kg, C; =02-10'N/m, Cf; = 1.6-10'N/m the
parameters 7, = 0.33-107s, @, = 3.10% s ' are evaluated on Figure
6 at error 10%.

©, 107 s §
8 -

6 4

%]

0 + +

10 40 70 100 €, +C};,10° N/m

Figure 6 Bandwidth of nano transverse piezoengine.
The static displacement

_dyi (Bo)U

C1+q/cE
For d3 = 2~10_10m/V, h/5 =24, C,/CIEI = 0.1 the parameter

k3U1 =4.4 nm/V is evaluated at error 10%.

Ah kU

Conclusion

For calculation nano systems the structural model and scheme of the
nano piezoengine are used, which reflect the conversion of electrical
energy into mechanical energy. The structural model and schemes
of the nano piezoengine are obtained for applied biomechanics and
biosciences. The matrix of the deformations of the nano piezoengine
is constructed. The parameters of the nano piezoengine are determined
for applied biomechanics and biosciences.
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