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UDC 539.3 MECHANICAL ENGINEERING
M.V. BELUBEKYAN, Ju.G. SANOYAN, M.G. SARGSYAN

STRESS DEFORMED STATE OF PIEZOELASTIC PLATE UNDER CROSSCUT
ELECTRIC FIELD

The equations of generalized plane tense condition and bending of piezoactive elastic plate made of
material of class 6mm polarized in the thickness are gained on the basis of Kirchhoff hypothesis. The analogy is
defined between the problems of thermoelastic and piezoactive plates in the case when the temperature field and
the electric field strength broadside directed on the preface of the plate are assigned. Tense deformed state of the
bending plate about a fastened edge of a plate is investigated.

Keywords: piezoelectric, elastic plate, thermoelastic, bend, analogy.

1.1t is assumed that the plate in the rectangular Cartesian coordinate systems (X,y,z) occupies
the field O<x<a, 0<y<a, -h<z<h. The plate is made of elastic piezoactive materials of class 6mm and
polarized on the coordinate z. The equations of piezoelastic material are given in the articles [1], [2]
and have the following form:
611 =Cpi&1 +Cppey +C3es3 —€31E3,05 =Cppey +Cp 189 +C 3853 —e3,E3,
(1.1)
G335 = Cp3811 +C 389 +Cy3833 —€53E3,
o, =1/2(C, =C},) 815, 0,5 = Cyyeyy —¢5E,,0, = Cupey —¢sEy, (12)
D) =&,B +e5813, Dy =€Ey +e15853, D5 =£3B5 +¢5,(6) +85 ) +e3383;. (1.3)
In order to make analogy with thermo elastic problems of plate theories it is con- venient to
express deformation through tension. Thus it follows from equation (1.1):

1 % v' v v'
€11 _EGII _Eczz _E(‘ss +a,.E;,8, —_Ecn +Eczz _5033 +a,.E;, (14
v' v' 1 ’
€33 = _EGH —Eczz —5633 +BE;.

In case (1.4) the following symbols are accepted:

E=(C, _Cn)(chcn —cé] o CiaCs =Chs

CiCx; —Cls CiCs33 —Chy
E,:(C11+C12)C33—2C123 o Ci
Cii+Cp, Ch+Cpy
1-v v' 1
O, =——€3 ——¢€33, P.=—(€33—-2v'esy).
e =T O T B E,(33 31)
From (1.2) and (1.3) it goes the following:
1 1
€2 =7~ 12 &3 :_(623 +615E2)7831 :_(531+e15E1)> (1.5)
Ci-Cp, Cy Cy
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€15 €15
D, =¢,(1+ME; +——03,,D, =¢;(1+A)E, +——03,,
Cu Cu (1.6)
D; =¢}E; +°‘e(511 +Gzz)+BeG337

where
2
e 1-v 4v'
L5 €} :s3+2—E egl——E, €3,€33 -

The above listed forms of substance equations are convenient for problem solving of plate bending
[3]. In accordance with Kirchhoff theory of plates the tension of o is ignored and 6,, =0,, =0

A=

£1Cyqy

accepted in correlations (1.4), (1.5), (1.6). New correlations will have the following form:

1 v v 1
€ _EGII _Eszz +o E; ) = _EGII +E622 +oE;,
v' V'
€33 Z_EGII _Eczz +B.E.,
2 €5 €5
€12 :ﬁcm €3 =——E,, 5y =—E,
11— Cp2 Cu Cu

D, =¢,(1+1)E;, D, =¢,(I+L)E,,D3=&4E5 + 0. (0}, +55,).
Averaged equations of equilibrium have the following form [3]:
ai+ o8 =0 o8’ +ai

—=0, — =0, (1.7)
ox oy ox oy
M M N N
&+6—H—N1:0,6—H+a 2—N2:0,6—1+a—2:0, (1.8)
ox 0Oy ox 0Oy ox oy
where
h h
T, = Ickkdz, S= Iclzdz, k=12, (1.9)
~h ~h
h h h
M, = J.zcskkdz, H= J.zcslzdz, Ny = J.Gk3d2.
~h ~h ~h

Defining the main tensions from (1.4) and using the links

1{ du, Ou,
g =—| —+—"
b2l ox; ox

and substituting into (1.9), (1,4) we will define forces and moments which will have the following

form:
T=c| P v _q | s=1Ve[ X M) [ XM g, |, 0
ox 0Oy oy

2 ox oy ox
2 2 2 2 2
M, =-D a—‘;V+va—‘;V+Re , :—(l—v)Da—W,MZ:—D ‘3—‘;"Jr\z‘3—‘;"+1{e . (11D)
x> oy dyox oy ox
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In formulas (1.10), (1.11) longitudinal and flexural rigidity is accepted in the following form:

3
C= ZEhz,D: 2Eh2 '
I-v 3 (1 —v )
0., R, are the volumetric forces and moments caused by the electric field
h h
1+v 3(1+v
Q. _Eac:‘;adz, R, = (2h3 )occ:‘;zE3dz.

Substitution (1.10) into (1.7) gives the equations of generalized plane tense state of the plate in the
displacements.

Q%u 1+v o'y 1-volu Q. _ d%v 1+v d'u 1-va’v Q.
ox> 2 oxdy 2 oy* ox  oy® 2 oxdy 2 ox? Oy
Equations of plate bending problem corresponding to equations (1.8), (1.11) have the following form:
%+8N—2:0,Di(Aw+Rc)+Nl:O,Di(Aw+Rc)+N2:O. (1.12)
ox oy ox oy
The second and third equations in the system (1.12) define forces N;, N,. Excluding N; and N, from
(1.12) we get the formula which defines deflection of a plate

A*W+AR, =0. (1.13)
The correlations and equations listed herein have the same forms as the correspon- ding expressions
of problems of thermo elastic plates [4]. Hence the problem of thermo elastic plates is got if force Q,

+—_—

and moment R, are replaced by O, and R,

(1+v

h
)atJ‘sz,Rt _30+)
an )

2h3

h

oth‘Zsz. (1.14)
h

In the formula (1.14) the function T=T(x,y,z) defines thermo field, where o is the coefficient of heat

expansion. Hence if the temperature field is known T=T(x,y,z) and the electric field strength

broadside are directed to the preface of the plate E;(x,y,z) , then the problem of thermo elastic and

piezoelastic plates are solved through the same equations and boundary conditions.

2. If one of the sides of rectangular plate is much bigger than the other (a>>b), it is ordinary to
assume that the conditions of fastened edge x=a will not influence the tense deformed condition of
piezoelastic plate about x=0. Taking into consideration this circumstance Nadai reviewed the
problems of bending of the plate-line under the influence of uniform distributed load. It is assumed
that when removing from the edge of a plate the function of plate bending approximates to the
function of bending by cylinder surface. That is function of bending does not depend on coordinates
x. Solving of Nadai’s problem is given in monograph [ 6 ].

Let us assume that piezoactive (or thermo elastic) plate occupies the field of 0<x<oo, 0<y<b, -h<z<h.
It is assumed that the edges of plate y=0, b are hingedly supported
w=0, M,=0

Q=

or
w=0, 8*w/dy* +R, =0. 2.1

If we assume that the form of bending surface of plate does not depend on coordinate x then

solving of equation (1.13), satisfying conditions (2.1) will have the view
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w, =0.5y(b—y). (2.2)
Following Nadai's idea for semi-infinite strip under consideration the following requirement is set

1i1’I(1) w(X,y)=Ww, (x, y) .
Problem solving (1.13) is introduced in the form

w=F(x,y)+wo(x,y).
According to (1.13), (2.1) and (2.2) function F should satisfy the equation

A’F=0 (2.3)
and boundary conditions
F=0, 3’°F/dy* =0, y=0,b (2.4)
and
lirg(}: =0. . (2.5)

Solving of equation (2.3) satisfying boundary conditions (2.4) is presented in the form

F=) f,(x)sink,y, A, =mn/b. (2.6)
n=0
Substitution of (2.6) into (2.3) derives the equation of the fourth order relative to f, (x), general
solving of which satisfying condition (2.5) has the form:
f,(x)=Ce™™ +C,xe ™™,

Final solving of equation (1.13 ) satisfying boundary conditions (2.1) and conditionally (2.2) will be:

w=>(C/+C,)e ™ sink,y+0.5R;y(b—y). (2.7)
n=0
3. Let the edge of a plate x=0 is fastened hard (clumped):
w=0,0w/0x =0. 3.1
Using decomposition
y(y—b):an sinA,y (3.2)
n=1

and substituting (2.11) into conditions (3.1) the following will be derived:
Cy=-05R;b,,C, =—05R A,b,.

17 n>

Expression for function of bending is got in the form:

w:o.stn[l—(1+xnx)e-%"]sinxny. (3.3)
n=l
Having the function of bending (3.3) it is not difficult to calculate moments and forces.

In particular
1+v = 2 .
MI(O,y):—(l—V)RiD 1_1—_\/)n2:1 }\.nbn Sll’l}\.ny . (34)

2

If in (3.4) the second derivative equation (3.2) is used
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Z?» b,sinA,y

then formula (3.5) will be registered in the followmg form:

M, (0,y)=2vR;D.
Let us also present expressions of generalized transversal forces on the edges of a plate (support
reactions)

O y ——VDZK b, sinA,y

N, (x,0)=-N, (x,b)=0.5R, DZX A=, x)e .

n=1

From formula (3.8) it follows
N,(0,0)=N,(0,b)=N,(0,0)=N, (0,b)=0

The research is sponsored by ANSEF under Grant No 1589.

REFERENCES
1. Balakirev M. K., Gilinskiy I. Waves in Piezoelectric.-Novosibirsk: Science, 1982.-240 p.
2. Ambartsumian C. A., Belubekyan M. V. Some problems of Electromagnetic Elasticity of Plates.-
Yerevan: Edition YSU, 1991.-144 p.
3. Ambartsumian C. A. Theory of Anisotropic Plates.-M.: Science, 1987. 360 p.

4. Melan E., Parkus G. Thermoelastic Stress Caused Under Stationary Temperature Fields.- M.: Physmatgiz,
1958.-168 p.

5. Belubekyan M., Karapetyan M., Sargsyan M. Stability of Bending Form of Piezoactive Bimorphic
Plates// Proceed of NA of Armenia. Mechanics.-2003.-Vol.53, No 3. -P. 30-36.

6. Timoshenko S. P., Voinowsky-Krieger S. Theory of Plates and Shells.-M.:State Publi- shing House of
Physics and Mathematics Literature, 1963.-636 p.

SEUA. The material is received on 14.11.2009.

23



U. 4. FELNPRFEUSUY, 8NE.Q. UULNSUL, U.Q. UUreU3UL

MPEANUNUQGUYUL UULP LUMYMUOUNES NI TUSYUO 4hXUUl LUSLUY UL
ELBUSCUYUL HUTSNhU

Ghpuhndh Juplwsh hhuwb Jpu uvnmgjws & 6 4 nuup ughbiqgnulnhy yniphg yuwnpuungus,
Jwyuwuwt  Ynnpphtwnny phbnugdus wnwdquljut uwh punhwipugdué hwppe updusughtt gh&uljh b

Sndwl  hwjwuwpmdibpp: Uwhdwijws b phpununwdquljub &t whbqgnuiljnhy uwwbkph  fbnhpubph
udwbynipniip:

Unwhgpuyplh punkp.  whqnbijunphl, wpwdquijul

uw], ohpuwwunwdquljuinipni,  Snnd,
tdwtuynipmie

M. B. BEJIYBEKAH, I0.T.CAHOAH, M.I.CAPI'CAH

HATIPSDXEHHO-IE@OPMUPOBAHHOE COCTOSHUE TTbE3OYIIPYTOM ILJIACTUHEI B
ITOIIEPEYHOM JJIEKTPUYECKOM IIOJIE

Ha ocuoBe rumore3 Kupxroda monxydeHsr ypaBHeHHs OGOOIEHHOIO IUIOCKOTO HAIPSDKEHHOIO
COCTOSIHUS 1 M3rn0a MMbe30aKTHBHOM YIIPYroi IUIACTUHKY U3 MaTepuasa Kiacca 6 My, MOJSIPH30BAHHOM 110

TOJIIMHHOM KOOpJUHATe. YCTAaHOBJIEHA AHAJIOTMA MEXZY 3aZadaMM TepPMOYIPYTOM MU IIbe30aKTUBHOH
TITACTHH.

KrrogeBsie c/10Ba: TIbe303/IEKTPUK, YIIPyTas IUIACTUHA, TEPMOYIIPYTOCTb, U3TH0, aHAIOTH.
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