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Stability of Bending Form of Piczoactive Bimorphfic Plates
M.Belubekyan, M.Karapetyan, M.Sarkisyan

The devices, which function based on direct and converse piezoeffects, are widely spreaded in
contemporary technics, The interest in estimating the piczoceramical actuators is conditioned by their
wide application in practical and scientific activity of human and permanenily extending application
area.

Diue 10 wide application of layered plesosctuators, and in particular Mmorphs, in techmcal
devices, the effective model developing problems and the problems of estimating electric and
magnetic fields gencrated in pieroelectric, are very actual,

Bimorphic elastic plates are being bended an application the reverse directed electric potential Lo
the facing surface. But at the samc time the compression siresses occur in piezoelectric, which may
lead to instability of the estimased bending condition. In particalar, by means of the electric field, 1t is
possible & state of the plate when the cylindricily of bending tzkes place. In this connection the
compression siresses oocur along the generatrix of the cylindrical surface. The critical electric
intensity which leads to losing the stability of cylindrical form of bending of the plate is being
estimaled.

The problem of lesing the stability of cylindrical form of hending of the bimombfic
piezoceramical plate 75 being solved snalylically within the limits of Kirchhoff's plate theory.
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Busopiint  NEEI0MCKIPHYCCkEN NIacTAHA wirubacted nop JeficTEHEM  SNSKIPHEECKMX
MOTEHUMAION PasHMA  IHAX0w, TPHIMHEHHRIS HE JHUEBLIX NOBLPAHOCTHX  (UIGCTHHEL M HA
moRsprHocTH pasasita lloxajmBacTcs, 4TO HpPH OTOM TIOARARIITCH CHHMANMING HANDERCHHA,
ROTOPRIE MOTVT MPHBECTH K H2YCTOHYHBOCTH NASCTHHER. DNpeaeiRiTeR KPHTHYCCKHE JHANCHHA
HANPAHEHHASTH 3ERTPHEECKOTS IR B SARHCHMOCTH 0T hHSHEO-MEXAHHISCKHX W MEOMETRHISCKIY
XAPAKTCPHCTHE THUIAETRHEW.
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INTRODUCTION

iwa thin plates of & different thickness made of presoelecinie material (class 6mm) are
giued aleng the froni-tace area. The plates are polarized by the thickness, The front-lace
areas are clectrificd to establish the potential difference between the front-face arcas with
the help of the electric field. 1t 15 necessary 1o determine the strain-stress stale of a thin
bimurphiic plae, condinoned by the elecine frelds 11 15 considered that the electric field is
given and the influence of the converse meroelectric effect iy neglected. The influence of
the thickness of the gluing material is also neglecied.

Many authors ovesigated the case, when the thickness of (he plales 15 the same, The
review af the anun;i{}#ﬁ'inmuals sogiven in (1),
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1. (xX0Y) coordinate space coincides with the contact plane (Pie. 1). The electric field in
the plate is set up with the help of the applied potential difference between the front-face

areas z =h,, z=—h; and the interface surface z = (. Only the direct piezoeffect is
taken into consideration and the electric field is given in the following way (Pic. 2):
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Taking into account the assumptions of the Kirchoff's theory for the package in general, the
constitutive eguations for the principal stresses of the piezoelectric materizl (class Gmm)
have the following appearance [2]
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Taking inio consideration the assumptions concerning the character of displacements’
modification by plate thickness the (1.2) equations take the following forms:
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where 1, V, W are the appropriate displacements of plate’s z = 0 plane
In avarage& Equaiiuns of balance

f—dz 0 (i=123), J‘ i gz =0(=12) (1.5)
—h I -k ax'

Strains and moments are defined in the following way
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The substitution of (L&) w the averaged ¢quations (1.5) brings 1o the following
cquations concerning the planar displacements &, v and w flexure;
; h =, o ¥
dx | dx dy Gy =ity O h{c” - ﬂ.r
(1.7)
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where
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Hereby the expressions for the intersecting strains look like

d z ok
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It is necessary to mention that the equation (1.8), which defines the bending, is
aulonomous. In particular, when fi = A, the equations defining the planar displacements
are also being separated.
2, The boundary conditions of the prablem are delermined in accordance with Kirchhoff's
theory of plate. Ilercinafier are the versions of known conditions for the plate’s
X = const edge.
For the fixed edge these conditions are not changed and have the following appearance:

u=v=0 w=0 dw/ox=0 (2.1)
Boundary conditions of free supporting

T,=0,v=0 w=0, M, =0

alter some transformations take the following form (with regard to (1.6) expressions)
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are transformed to
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Al last the conditions of free edge
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3. From the equation (1.8) and boundary conditions follow, thal the clectrnic field leads to
bending of the plate, Hereby, in decordance with equations (1.7} the planar displacements
appear in the plate's z = (0 plane, which brings to the T,,T, forces appearance, These
forces, in general, can be compressive, which will bring 1o the plate stability losing [3].

Asan example a rectangular plate occupying arca
O=x=a, 0= y=bh —h =sz=h isunder consideration. It is assumed that
E,=const (3.1}
On the ¥ = {),hedges of plate the conditions of sliding contact are given which look like
{according to (2.3) and condition (3.1) )
du, a'w v .
-——-=I}v ==1'.]— U=~—_;_~==L'I (3.2)
ay dy dy
In case when the plae’s x = 0, @ edges ere [recly supported (2.2), the plate is bending to
a form of cylindncal surface.

h xy
W, = — E—Z.EEﬁu.r 1-= (3.3)
2D a
Far the planar strains the following expressions are received
Ty =0,Ty = (}H _h?] (Cn _513}-‘”111 Fgr Sy =0 (3.4)

In case when plate’s X = 0 edge is fixed (2.1), and the x = g edge is free (2.4), cylindrical
lorm of the plate’s bending surface looks like

L
W, = i 5 (3.5)
2D '
and the approprigwe strains are delermined in the [ollowing way:
sy
Ty =0, oy = (b = ) 1- 22 |sEy, Sy =0 (3.6)
i 1

From {3.4) and (3.5) follows that Tﬂ, strain will be.compressive under the following
contlition:

(h=h)s <0 (3.7)
4. The cquation of the stability of the plate with given strains {{3.4) or (3.5)) take the
fellowing form:

. w
D&w=T,——= 0 {4.1)
dy®
The solution of (4.1) equation with the appropriate boundary conditions has a fallowing
appearanoe:
= W= 11',,[3:} +wlx, f} (4.2




wherz W, is the initial form of the bending of plate, ﬁ'{x, y) — i arbitrary disturbance.
The substitution (4.2} to (4.1) and boundary condilions brings to the homogeneaus equation

and homogeneous boundary conditions relative to W, 1.c. brings to the known problems of
the stability of plate.In case when the conditions of sliding contact are given on the plate's

y=0,b edges andx = (,a cdges are hinged, for the critical values of the intensity of

electric field £ the following expression is received:
2 a3
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It is obvious that the minimal critical value will be received when m1 = 1. The value of 7
for the minimal critical value depends on relative dimensions of the plate.

For the square plate (b = ﬂ] n =1 the value of the minimal intensity of the electric field
has the following appearance:

dn’a, D
E, = 3k (4.4)
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An appropriate expression for the plate with dimensions b = 2a {n = 2) looks like
. 25n’a,,D
: (4.5)
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The typical values of @, and § (in SI system) calculated on the base of electro elastic
modules from [2] are listed in the 1able 1,

Table 1
Material | 109 N /i i 1071 F /m 10™ ¢/ m?
N/m'
| =
T | G2 | 63 1 Cay | €5 | €y | €5 | &y | &y | 4y 3

PIT —4 |139| 78 | 74 | 11,5] 127 | -5,2 | 15,1 | 650 | 560 | 9,14 |-14,92

||

| ZnO  |2097(12,11|10,51|21,09] -0,59 | -0,61 | 1,14 | 7,38 | 7.83 | 15,73 | -L.18

CdS | 856 532|462 (036 [-0.21 (024|044 | 799 | £,44 | 6,28 | 0,46

1 =H S e i

In a particular ease of bimorphic construction s, = 2/, | the expression (4.4) defining the
critical value of the intensily of electric field, can be expressed in a more suitable way:
(2R
E. = k(—] 10 wim (4.6)

i

For the materials listed in Table | the & coelficient has the following values:

a=0.92 (PZT - 4), @ =23.65 (Zn0), a = 26.47 (CdS)
From the expression (4.6 it follows that the critical value of the intensity of electric field is
essentially dependent on the relative thickness of the plate,
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