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Abstract: In this paper, an analytical solution for the stresses inradgeneous, transversely isotropic, piezo-thermo-elasdterial
has investigated. The generalized theories of thermdi@tghave used to investigate the problem. The surfacgestdd to thermally
insulated or isothermal and electrically shorted boundanditions. Finally, in order to illustrate the analytick#velopment, numerical
solution has carried out piezo - thermo-elastic materiale Torresponding simulated results of various physicahtifies such as
displacements and stresses have presented graphically.
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1 Introduction of rotation on generalized thermo-viscoelastic
Rayleigh—Lamb waves in plates. Sharma and Pl [
The interaction between the magnetic and thermal fielddnvestigated the propagation of Lamb waves in a
plays a vital role in geophysics for understanding thetransversely  isotropic, charge and stress-free
effect of Earth’s magnetic field on seismic waves. With piezo-thermo-elastic plate in the context of conventional
the development of active material systems, there is aoupled theory of piezo-thermo-elasticity. They studied
significant interest in the coupling effects between thethe wave characteristics, such as phase velocity and
elastic, magnetic and temperature for their application inattenuation coefficient of the waves in Cadmium Selenide
sensing and actuationlf3] Propagation of waves in (CdSe) material. Sharma and Thakd][ studied the
piezoelectric plates has been an active research area feffect of rotation on Rayleigh-Lamb waves in
several decades because of the application in piezoelectrinagneto-thermo-elastic plates. Recently, Sharma et
transducers, resonators, filters, actuators and othecekevi al. [11-14] have studied the effect of rotation on Rayleigh
such as microelectromechanical systems (MEMS). Awaves in piezo-thermo-elastic half space. ("Reflection of
number of exact solutions of the three-dimensionalpiezothermoelastic waves from the charge and stress free
dynamical equations have obtained for widely usedboundary of a transversely isotropic half space).
materials such as ceramics, various crystal cuts of quartz  A.M.Abd-Alla and Mahmoud 15, 16 studied on
and materials of other symmetries. Yang et al] [ problem of radial vibrations in non-homogeneity isotropic
discussed the detailed studies and analysis otylinder under influence of initial stress and magnetic
piezoelectric vibratory gyroscopes in the recentfield, influence of rotation and generalized
publications. A comprehensive review of the work on magneto-thermo-elastic on Rayleigh waves in a granular
piezoelectricity and related fields has done by Yang etmedium under effect of initial stress and gravity field.
al. [5,6]. Mahmoud [L7, 18] studied analytical solution of wave
Sharma and Kumai7[9] have studied the propagation propagation in non-homogeneous orthotropic rotating
of plane harmonic waves in piezo-thermo-elasticelastic media and studied effect of rotation and magnetic
materials. Sharma and Othma8j [nvestigated the effect field through porous medium on Peristaltic transport of a
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Jeffrey fluid in tube. Ting,19] studied surface waves in a piezoelectric parametet; is thermal relaxation time,
rotating anisotropic elastic half space. Yaf)[studied [, B3 are the isothermal thermo-elastic parametgrss
piezoelectric vibratory gyroscopes. Zhou and Jia28f [ , ki, is the coefficient of linear thermal expansion and
studied effects of Coriolis force and centrifugal force on thermal conductivities along and perpendicular to the axis
acoustic waves propagating along the surface of af symmetry, respectively. The relation between the
piezoelectric half space. Mahmoud24] discussed electric field vectolE; and the electric potentiap , and
analytical solution for free vibrations of elasto-dynamic Similarly, the magnetic fieldH; is related to the magnetic
orthotropic hollow sphere under the influence of rotation,. potentialy as: is given by:

A.M.Abd-Alla  and Mahmoud 23 25 studied

magneto-thermo-elastic problem in rotating Ex=—20, Ho= %2, (6)
non-homogeneous orthotropic hollow cylindrical under

the hyperbolic heat conduction model. They also studied%aXX =p t%zzu, (7)

Influence of magnetic field on free vibrations in 2

elastodynamic problem of orthotropic hollow sphere. axPx =0, (8)
In the present work, the displacement components,s o _ g 9)

stresses components, electric potential, the temperiature 9X

a homogeneous, transversely ISOtropic, ky; %57 — pCe (% +to§—fz) T =pTo (1+t051k%) (%U) - (19

piezo-thermo-elastic material has investigated. The
corresponding numerical results of various physicalUsing Egs. (7-10) and Egs. (1-6), One get

o . R , i
guantities have presented graphically. Cn:—XzU*& (%THSAM%T) _ p%u_’ (1)
o o ) (12
A Cis5@+tMi=y¥ =0,
2 Formulation of the problem SR
m“,;T@"’*““W‘” =0, (13)

In this work, One assume a transversely isotropic  , 4 0 2 BT N\ 2
; ; ; ST o+t = PLO (14 Gptow | =—-u(14)
homogeneous, piezo-thermo-elastic material. The ¢, a2 0 oCe o5t ) axat

at %otz
material’'s thickness is@ at uniform temperaturdy in In order to simplify, One will implement the following

undisturbed state. The origin of the coqrdinate systeMyimensionless variables.

(x,y,z)on the middle surface of the material used in this

work. One have chosen the xy-plane so that it coincidesoj = 74, p=£&, k=X, p=2, oo Df =gk,
with the middle surface and z-axis normal to it along the B = (cii+cw2) i +ciaps. Ba=2cian, M= g, p =i 15
thickness. The x-axis chosen in the wave propagation . ) )

direction to ensure that all the particles on a line parallelEds: (11)- (14) in the non-dimensional forms (after

to y-axis are equally spaced. Accordingly, not all the field SUPPressing the primes) reduce to

E:@ £= TOBl2 /_ Di
oCe *

quantities depend on yz-coordinates. Material surfaces,, ) 2 5

are represented by = +d which are governed by W”*ﬁ<ﬂ+52kt1M>T :P<W>”* (16)
isothermal, electrically shorted (closed circuit), strége ) )

and thermally insulated boundary conditions. Let sz®+M gz =0, 17)

u(x,t) = (u,0,0) represents the displacement vector, ;. 92
@(x,t) represents the electric potentigi(x,t) represents @ P T Higz¥ =0, (18)

the magnetic potential and (x,t)refers to temperature 2+ (a 22 _ 2 %

changegin the Fr)naterial. The§/ cc))nsidered this F():ase in the ' ("t HOW)T (Halkto"t) <€ ot u)' 9
non-existence of heat sources, charge density, and body where pis density, Ce is specific heat at constant
forces in dimensionless form linear generalized theoriesstrain, to,t;, are thermal relaxation times. The
of piezo-thermo-elasticity. The hexagonal crystal superimposed dots indicate time differentiation and
symmetry electric displacement along with the comma notation has been utilized for spatial derivatives.

constitutive relations take the following form: The symbodj,j = 1,2, is the Kronecker’s delta in which
k = lcorresponds to Lord and Shulman dog 2 refers
Oxx = C116x — P1 (1+t162k%> T, (1) to Green and Lindsay theory of thermo-elasticity. The
aforementioned theories are abbreviated as GL and SL
_ _ a respectively. The prime was repressed for simplification.
O = 1280~ P <1+t162k"‘>T’ @) ¢, D; and B;j, are respectively, the electric potential,
Dy = G11Ex + mMyqHy, (4) magnetic potential, electrostatic displacement and
B, — MuEx 4 ti1iH 5) magnetic mductlon,e. and ik are, respggtwely, the
x = Mt Mo dielectric and magnetic permeability coefficierdg,, d;
where,1 = (C11+Ci2) i +Cizys, B3 =2Ci3\ and m are, respectively, the piezoelectric,

Wherec;; are isothermal elastic tensam;j is stress  piezo-magnetic  and  magneto-electric ~ material
vector, gjis strain tensorg; is electric permittivity,gj is  coefficients.
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3 Solution of the problem

One consider the solutions of the form:

u =ux)e, (20)
o= 0(x) €, (21)
Y= P(x) ¥, (22)
T =T(x) e*. (23)

where w is the angular frequency, and prime was

repressed for simplification. (30, ¢(x), ¢(x) and T(x)
are the displacement componeunt electric potential,

magnetic potential and temperature change respectively. HtoC11

Using solutions (20-23) into Egs. (16-19) to get a system
of four coupled equations of components

(Ux), §(x), P, Tx) )"

3

(22— pw?) U—Br (L +iwty) 9 =0, (24)
D2p+m D20 =0, (25)
D29+ 2@ =0, (26)
& (iw—1todwe?) Lu— (03— (iw—tow?)) T =0, (27)

The non-trivial solutions of Eq. (24)-(27) are represented
by:

c

U(X) = 75 (Aq (CreA2X — Coef2X) + Ag(Cae A — AgCae™)), (28)

:(X) = Cre& " + e + Cae A* 4 Cuef®, (29)
®(x) = Csx+Cs, (30)
W(X) = Crx+Cs. (31)

And substituting Egs. (28-31) into Egs (20-23), One obtain

% (A (Cre 72" — Cpef2X) + Ag(Cae X — Cpe¥)) €', (32)

c

(x.1)

T(xt) = (Cre #5* +Coefs* +Cae 6" + Cpe'6¥) €1, (33)
o(x,t) = (Csx+Cg) et (34)
W(x,t) = (Crx+Cg) et (35)

And substituting Egs. (32-35) along Egs. (1-5), One obtain
the stresses

O = 112 (A1 (Cre7 A2+ Coeh?X) + Aghy(Cae A+ CyelX) ) @t
— (By+iwty) (CreAs" 4 Coefs* + CaeAeX 4 CyehoX) d 91, (36)

—Ci12

Oy = 73> (AlAz (ClefAZX + CzeAZX) + A3A4(C:3¢.97A“>< + C46A4X)) g ot
— (BL+iwty) (Cre "o+ Coefs*  Cae X + CuefX) &9, (37)

Oy = % (AlAg (Cle*AZX + CgeAZX) + A3A4(C397A4X + C4eA4x)) got
— (Bs+ioty) (Cre "+ Coef* + CgeAX + CueX) @, (38)

And electrical displacement and magnetic induction as:
Dx = — (¢11Cs + my1Cr) €%, (39)

Bx = — (My1Cs + p11C7) €. (40)

Where E;j, D; H;, B; are the electric field, electrical
displacement, magnetic field and magnetic induction
respectivelyA;, i = 1,2,3,4. and are given as following:

A; = By/—2B4, A= v,
As=Bs/"Bs A=Y
B; = (/a1 +a1)cay, B, = —yo1+as,
Bs = (—y/O1+a1)C11, Bs = /a1 + a3,

~ cep(i+1tocon) (c®) cun
B V2

01 = —Pitc®etd 63 + 2itoPr Oty (Ba (tr +todw) €
Sok+ P)C° + (BE(t7 + S5 8 + Atodukt1 ) €2
+2(t301OxC11 + (ta(O1k + Sk )C11 + PO )to +t1p) Br€
+(toC1102 — p)?¢* + (—2i B(t1 + toOk) €2
+2iB1(((— %k — dw)C1)to — p —t1C11)€

—2i(toC110pk — P)C11)C> + (— P2 — 2By

C11)€ — 0%1)02

A

)

ap = iB1taCetoduk + (Ba(ts +todik) € +toCr10k + p)C?
—i(B1&+c11)C,

a3 = iB1taCetodik + (Ba(ts +todik) € +toC110k — p)C?
—i(B1&+c11)C,

4 Boundary conditions

The surfaces of the material proposed to be electrically
shorted and thermally insulated/isothermal.
Consequently, the following boundary conditions have to
be satisfied at the surface of matexial +d.

(a) Mechanical condition

Oxx = po€ ™, (41)
wherepoé “! is the periodic load.

(b) Electrical conditions
¢=0, (42)
(b) Magnetic conditions
Y=0, (43)

(c) Thermal boundary conditions: Isothermal surfaces

T=0, (44)

5 Numerical results and discussion

In the light of explaining the analytical results, which One
have got in the previous sections, One are currently
showing set of numerical results for the following, two
Stress free, thermally insulated piezo-thermo-elastic
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Fig. 1: Dispersion curves for displacement u, versus x with
different values for tim@J2015 =2,...... t=4,——t=6,-t= Fig. 3: Dispersion curves for normal strdd8c3yx, versus x with
8) different values for timeld2015 =2,...... t=4,——t=6,—t=
8)
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Fig. 2. Dispersion curves for temperatuig, versus x with
different values for timel 2015 =2,...... t=4,——t=6-t= Fig. 4: Fig. 4 Dispersion curves for normal stré$8c3yy,versus
8) x with different values for timel2018 =2, ...... t=4,——-t=
6,—t=28)

material, electrically shorted. give the physical data for
material computations are carried out for the tite 2, 4, 6,8, on
Cc11=2.11 ¢12=094, c¢3=1.02 m; =0.0074  the surface plane. Figures 2 shows the comparison
_ _ _ _ between the temperatdrethe computations are carried
=10, H11=-34466  e15=1086, Ce=260 out for the timet = 2, 4,6,8, on the surface plane.
kii=15 t1=1 w=9x10"1 p=1858 &y =1 Figures 3-5, shows the comparison between the normal
stresses componemtg, Oy, andiy, the computations
ok =1 G =420 To=298 f=152 carried out for the timé = 2, 4, 6,8. Figures 6-7 shows
A dimensionless thermal relaxation tirge= 0.5 andt; is the comparison between the electric displacendgrand
selected as multiple oftp. The thermomechanical magnetic inductioBy, the computations are carried out
coupling factor, specific loss factor and relative frequenc for the timet = 2, 4,6,8, on the surface medium.
shifts numerically analyzed. The computed results inAccording to the above numerical results, one can
respected dispersion curves, Figure 1 shows theobserve that All the physical quantities agree with the
comparison between the displacement compooefhe  boundary conditions. The significant effect of thermal
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Fig. 7: Dispersion curves for magnetic inductid@y, versus x

Fig. 5: Dispersion curves for normal stred8c3,,,versusx with \githt cﬂﬁgrent values for imel{2018 =2,....... t=4--t=
different values for timel{ 2015 =2, ...... t=4,——t=6,-t= ,—t=8)
8)
investigate the problem. It was then subjecting the
2. 1071% conditions, electrical and thermally insulated thermally
Results in the forms of graphs and so each variables such
y stresses and displacements displayed.
b 1.= 107°77
g
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