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Abstract

The dispersion of thermoelastic waves propagation in an arbitrary direction in laminated composites plates is
studied in the framework of generalized thermoelasticity in this article. Three dimensional field equations of ther-
moelasticity with relaxation times are considered. Characteristic equation is obtained on employing the continuity
of displacements, temperature, stresses and thermal gradient at the layers’ interfaces. Some important particular
cases such as of free waves on reducing plates to single layer and the surface waves when thickness tends to in-
finity are also discussed. Uncoupled and coupled thermoelasticity are the particular cases of the obtained results.
Numerical results are also obtained and represented graphically.
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1. Introduction

Increasing use of advanced composites as important structural components in modem high
speed aircraft, missile, marine vehicles, and other aerospace structures, and various other appli-
cations has led to widespread research activities in the field of composite materials. Composites
consist of different materials, so they are inhomogeneous and anisotropic. Different mechani-
cal and thermal properties between constituents of such composites structures, like temperature
changes, can generate residual stresses, which may lead to interface de-bonding. A possible
failure of the system has intensified the need to study the thermoelastic wave propagation, espe-
cially in the form of precise numerical calculations. Consequently, it is of interest to investigate
the feasibility of nondestructively, monitoring thermal, mechanical and aging in composites.

Extensive review on the dynamic behavior of anisotropic plate theories can be found in [1]
and [14] and problems of wave propagation in periodically layered anisotropic media have been
considered and studied in [16,28] and [3]. Dynamic behavior of the problems on the theories of
laminated and composite plates have been investigated by authors [12] and [18-23]. Reasonable
number of investigations of such advanced materials and their analysis also have been reported
in [10, 19]. In [15] a transfer matrix technique to obtain the dispersion relation curves of elastic
waves propagating in multilayered anisotropic media i.e., composite laminate is developed and
detailed review on the wave propagation in layered anisotropic media is studied in [11]. In [9],
general problem of thermoelastic waves in anisotropic periodically laminated composites in
thermoelasticity is studied.

Theory of thermoelasticity is well established, one can see the works in references [17]
and [5]. Literature in this field is rather large to account for the phenomena involving the finite
propagation velocity of the thermal wave, and can confer with the reference [4]. These modified
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coupled theories of thermoelasticity are based on hyperbolic-type equations for temperature
and are closely connected with the theories of second sound, which consider heat propagation
as a wavelike phenomenon. In the literature, addressing linear theories with relaxation time,
most attention is given to the models formulated in [13] and [8]. Theory in [13] called Lord
and Shulman (LS) theory is based on a modified Fourier’s Law of heat conduction with one
relaxation time to dictate the relaxation of thermal propagation, as well as the rate of change of
strain rate and the rate of change of heat generation. Green and Lindsay (GL) theory is based
on a rigorous treatment of thermodynamics, and a form of the entropy inequality. The literature
dedicated to hyperbolic thermoelastic models is quite large and its detailed review can be found
in [6,7].

Theory of generalized thermoelasticty [13] is extended to anisotropic heat conducting elastic
materials by [2], and hence it is valid for both isotropic and anisotropic bodies. The propaga-
tion of harmonic waves in a laminated composite plate consisting of an arbitrary number of
layeres is studied in [9]. Various problems of infinite plates in the context of generalized theo-
ries thermoelasticity and the propagation of waves in layered anisotropic media in generalized
thermoelasticity is investigated [24-27]. Yamada and Nasser [29] have studied harmonic wave’s
propagation direction in orthotropic composites.

In this article propagation of thermoelastic waves in layered laminated composites, where
the direction of the corresponding harmonic waves makes an arbitrary angle with respect to the
layers is examined in the context of generalized thermoelasticity with two thermal relaxation
times. Three dimensional field equations of thermoelasticity are considered for this study and
the corresponding characteristic equation is obtained on employing the continuity of displace-
ments, temperature, thermal stresses and thermal gradient at the layers’ interface. Some im-
portant particular cases such as of free waves on reducing plates to single layer and the surface
waves when thickness tends to infinity are also discussed. Numerical results are also obtained
and represented graphically.

2. Formulation

Consider a set of Cartesian coordinate system x; = (z1, z2, x3) in such a manner that z3-axis is
normal to the layering. The basic field equations of generalized thermoelasticity for an infinite
generally anisotropic thermoelastic medium at uniform temperature 7 in the absence of body
forces and heat sources are

80'1']' . 82ui
O*T oT O*T 0 [0u;
Er T (a i W) = Toblg,- ( o ) - @

Constitutive relations for anisotropic materials in the context of generalized thermoelasticity are
following:

0ij = Cijmer — Bij(T +7T), (3)
ﬁij = CijklQkl, iajakal = 17273a (4)

where p is the density of the nth layer, ¢ is time, u; is the displacement in the x; direction, K;;
are the thermal conductivities, 0;; and e;; are the stress and strain tensor respectively, C. is the
specific heat at constant strain, 3;; are thermal moduli, «;; is the thermal expansion tensor, T
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is temperature, and c¢;;; is the fourth order tensor of the elasticity. The quantities c;jx, aj, Bi;
satisfy the symmetry conditions

Cijkl = Cklij = Cijik = Cjikl, Qi = g, Bij = Bji (5)

The parameter 71 and 7 are the thermal-mechanical relaxation time and the thermal relaxation
time of the GL theory and satisfy the inequalityT; > 79 > 0. Strain-displacement relation is

1 (Ou; Ou,
€ij = = ‘ + J . (6)
2 \ Ox j 8:161
In addition, at the interface between two layers the tractions, temperature gradient, displace-
ments and temperature must be continuous.

3. Analysis

For harmonic waves propagating in an arbitrary direction, the displacements components u,
U9, ug and temperature 7' are written as

(w1, ug,uz, T) = {Us(x3), Us(x3), Us(x3), U4($3)}eig(llxﬁlﬂﬁl?’x?’_d) , (7)

where £ is the wave number, ¢ = w /£ is the phase velocity, i = v/—1, w is the circular frequency,
l1, 15 and [3 are the direction cosine defining the propagation direction as in Fig. 1.

t

Fig. 1. Two-phase orthotropic layered thermoelastic composite plate. The direction of the propagation
vector are denoted as [1, [ and [3

U; and T are the constants related to the amplitudes of displacement and temperature, Flo-
quet’s theory requires functions U; ( j = 1,2,3 and 4) to have the same periodicity as the
layering. Hence the problem is reduced to that of one pair of layers, where

Uy = UgemSbreim, - j=1,2,3,4, (8)

where U ; are constants. On substitution of Eq. (8) into Egs. (1)—(2), via (3)—(6) and specializing
the equations for orthotropic media, it follows that

an(a)Un =0, mn=1,234, )
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My = (§ + 3¢ + a°Cs5 — (%), Mo = (12 + Cos)lala, (10)
Mz = —(C13 + Cs5)hia, My =1y,

Moy = ([3Ges + 13620 + 0%Caa — (%), Moy = —(Coz + Caa)lacr, Moy = [oly,

Msy = (Ifess + 3644 + &3z — (), Msy = =3, My = ew*(Plyy,

My = ew*Clayfory, My = —ew*Cafsry, My =1+ Kyl2 + Kso? — w*C?r,  (11)

2 _ ﬁ x _ c11Ce _ ﬁ%TO _ . _ . :
where (* = e W = ST e and 7, = 7 +i/w, T = Ty + iw. The existence of

nontrivial solutions for U i (J = 1,2,3,4) demands the vanishing of the determinant in Egs. (9),
and yields the eighth degree polynomial equation

o® + Ajab + Ayat + Az + A, =0, (12)

where the coefficients A, Ay, A3 and A, are

Al = [Qlw*ETgCQ + Plf_(g + 633044655(13 + l%[_(g — w*TCz)]/A
Ay = [Qow*eT,(* + P K3 + Py(1} + Kol — w*r(?)] /A,
As = [Q3W*€ng2 + P3K3 + P2(52 + lg-fﬁ - W*TCz)]/A7

Ay = [Qu'ery, (P + P3(I + 3K, — w't(?)] /A,

P = [(caac33 — 2C23¢40 — Ch3)Cs5 + C33¢aaCe6)ls + [(Caz — 2¢13¢55 — €13)Caa + CazCsscos) i —
(c33Caa + Ca3¢55 + CaaCs5)C2,

Py = [(033 — 2¢13C55 — C13)Co6 + CaaCss)lT + [(Cancaz — 2a3¢44 — Co3)Co6 + ConCascaally +
[ 012033 (033044 — C6C23C55 — C12C44C55 + €13C22C55 — 2C44C55C66 — C13C44C66 +

C12€33C66 — C12C€13C44 — C13C23C66 — C12C23C55 — 012613023) - 0%3022 + C22C33 — ng]l%lg +
[(2c15¢55 — Co6Ca3 — Cs5Ca4 — Caa — C33 — CooCos + Cig)li +
(2c3Caa + G35 — CanC33 — C22Cs5 — Co6Caa — C5Caa — C33Ce6) 15 + (Ca3 + caa + ¢55)C Y] (7,
Py = (cs5lf + caals — C{[(1 + co6) 12 + (cop + co6)15]¢% — C* +
[(2022066 + C%g - 022)055]l%l§ - 022066[;L - C66r11}7
A= 033044055K37 Q1 = —0440555:?7
Q2 = (c55 + €14) B35C + [2(c13¢aa + C1a055) B3 — c33¢00 — (can + Co6055) B3]15 +
[ (023055 + C44C55)B2B3 - 03305553 - (022055 + 044066)53?]@7
Q3 = ((1+ cg6) 05 + (caa + c33) — 2(c55 + c13)B3) 5 +
((c22 + co6) 05 + 2(c33 + 55) 35 — 2(ca3 + 44)3235)15¢% +
(=053 + 2(cs5 + c13) 03 — c33)Co6 — CaaCss]li +
[—c22¢6655 — (C33Cos + Caass) B3 + 2(Caacos + Coscas) B2 Bs)ly +
(33 4 2ca3¢40 — C22C33) + 2(CoaCs5 + C13C20 — C12Ca4 — CaaCos — C12C23 — Ca3Ceg) 05 +
2(012013 ~+ C33Ce6 — C44C55 — C13C23 — C23Cs5 — 013044)52 +
(cls — 33+ 2¢13¢55) 05 + (Cly — 2 + 2¢12666) 05 +
2(023 — C13C66 1+ Ca4 — C12C55 — Ce6C55 — 612013)5352]13@ - 5344,
Qa4 = (cs5l7 + cauals — OB + B;ZS)CQ + (—B; + 2B2¢66 — oz + 2Bac12) 15 —

=2
Co6/02 lé‘ - C66l111]-
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Egs. (8) using Eq. (7) are rewritten as

8
(U17 U27 U37 U4) = Z(Ulqa UQq7 Z73(], U4q)e_i§(l3+aq)x3' (13)
qg=1
For each oy, ¢ = 1,2, ..., 8, using the Egs. (9) and express the displacements ratios as
Dilag) Lo, o Del0)) Dy (14)
D(O‘q) Uiq D(O‘q) Uiq
D3(O‘q) U4q
= —=0, for =1,2,...,8,
D(O‘q) Ug ! !
where
D1 (ag) = Maz(ag) Mza(ag) My () + Mag(ag) Maz(rg) M (o) —
Ml3(aq)M24<0‘q)M43(aq) + Mo (qu)M34(qu)M43(qu) +
Mi3(0rg) Mas(org) Maa(ag) — Miz(ag) Maz(ag) Maa(ayy),
Dy(ay) = Maz(agq) Maa(og) Mai(ag) + Mig(ag) Maz(ag) My () +
Miz(ag) Moy (arg) Mag () + Moz (crg) Maa(org) My (o) —
Mi3(0rg) Maz(0rg) Maa(ag) — Miz(ag) Mza(ag) My (ary),
Ds(ctg) = M3s(0rg) May (ag) — Mas(ag) Mz (crg) My (0g) —
Ml?(aq)M23<0‘q)M43(aq) + M3 (aq)M22<O‘q)M43(aq) +
Mg (org) M3 (org) Maz(ag) — Miz(ag) Maz(ag) My (ayy),
D(ay) = Mas(og) Mzy(org) Maz(crg) — May(org) Mz(arg) Maz(arg) — (15)
Moo (cg) Msa(cgq) Mas(vg) + Mag(ary) Mss (o) Mya(oy) —
M3y (ctg) Maa(org) + Mag(org) Moy (ag) Mz (o).
Then the solution given by Eq. (13) may be rewritten as
8 —
(U1, U, Us, Us) = > (1,7, 64, O) Upge lstoalrs, (16)
q=1

In view of the continuity of the displacement components, temperature, tractions and tempera-
ture gradient across the interface of the two layers, the following conditions must be satisfied:

ul =u T =7 (17)
z3=0" (E3:0+ z3=0" Z3ZO+
I 11 /1 /11
ry = O, T = T 18
‘3-7173:0_ 3-7173:0"" ’ z3=0" 23:0+ ? ( )

where 7" = gTT superscripts I and II refer to layers one and two respectively, 0T and 0~ are
3

values of =3 near zero. Because of periodicity of the deformation and thermoelastic stress fields,
additional conditions obtained are

ui o o=u ™ oo=1" (19)
z3:h1 13:—h2 13:h1 z3:—h2
I 11 /1 /11 .
J3j _ = JSj 4 T _ = T 4 J = 17273' (20)
13:h1 13:—h2 13:h1 13:—h2
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On substituting the displacements, temperature, stresses and temperature gradient components
into Egs. (17)—(18), sixteen linear homogeneous equations for sixteen constants Ul,, UL, . . .,
ULl and UL} are obtained. For nontrivial solutions, the determinant of coefficient matrix must
vanish. This yields the following characteristic equation:

Py —Py,
det =0, j,k=1,2,....8. 21
(ng _Q]k) J ( )

The entries of 8 x 8 matrices Py, Pj, Q;x and Q;y, are

le sz:’}/;, ng:(sl P:@I

Pm' = 1 Py =7y, Py = 5H Pyj = @H,
P = anIIngS’ ?6j = 77b121]C}114a P7J = nb3j7 ]3 = nb4ja
Q]k = PiEy, Q= PpEy, (22)

W
where B = ¢ QUstas IM/R () — £(hy + hy), Ef = e~ QUsta e/ ) — L/l

b = 165 — ol BT = 1,60 — oA,

) =l )~
bglj = (s + O‘J(‘m))@;m) ifa m)ggm)v 55‘71?) = C]k /011 , m=LIL (23a)

From Eq. (21), we have det[P;;] det([—Q;x] — [Q;x][Pjx]) ' [~ Pjx]) = 0 which implies that
either det[P;;] = 0, (23b)
or det([—Qjx] — [Qu][Px] ™ [~ Pje]) = 0. (23¢)

If Eq. (23b) holds true, then the problem reduces to a free wave propagation in a single ther-
moelastic plate of thickness hy, and in this case ([—Q ;x| — [Q;x][Pjr]) ' [—Pjx]) will not exist as
Pjisingular. On the hand P}y, is nonsingular [P;;] ! exists and accordingly

det([—Qje] — [Qsu][Pn] ' [=Pix]) = 0. (24a)
Similarly Eq. (21) can also be written as
det[~ Q] det([Pj] — [~ Pu][~ Q] "' [Qse]) = 0, (24b)
which implies that either
det[~0Q,] = 0, (24c)
or ) )
det([Pje] — [~ Pji][- Q] '[Qix]) = 0. (24d)

If Eq. (24b) holds true, then again the problem reduces to a single thermoelastic plate of thick-
ness hy, and ([—Qjx] — [Qjx][Pjx] ™' [—Pjx]) will not exists as Q. is singular.
On the hand, if () is non-singular, therefore

det([—Qjx] — [Qsu][Pis] ' [=Fje]) = 0. (25)

In order to solve the problem numerically it is sufficient to consider either Eq. (24a) or Eq. (25)
for composite plates and to solve for free thermoelastic plate Eq. (23b) or Eq. (24b) can be
considered.
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4. Particular cases

4.1. Classical case

If the coupling constant ¢ = 0, then thermal and elastic fields decoupled from each other and
from Eq. (11) we have My, = My = M,3 = 0. In this case Eq. (12) factorised into

(2 4+ Kol; + Kza® — w 1) (Aa® + Fia* + Fya? + F3) = 0. (26)
One of the factor of the above equation
Ao’ + Fia' + Fo® + F3 =0 (27)
corresponds to the characteristic equation in the uncoupled thermoelasticity, where

A= C33C44Cs5,
Fy

[(cancas — 2ca3¢a0 — Cay)Cs5 + C33Cances)ls +

[(033 — 2¢13¢55 — 013)044 + 033055066]l -

(c33Caa + C33C55 + CaaCs5)C7,

[(033 — 2¢13C55 — C13)Co6 + CaaCss|lf + [(Caacaz — 2ca3caa — Co3)Co6 + ConCasCaally +

[ 012033 (033044 — Cp6C23C55 — C12C44C55 + C13C22Cs5 — 2C44C55C66 — C13C44C66 +
C12C33C66 — C12C13C44 — C13C23C66 — C12C23C55 — 012013023) - 0%3022 + Ca2C33 — ng]l%g
[(2c13¢55 — Co6Ca3 — Ca5Caa — Caa — Caz — CooCs5 + Cig) 7 +

(2c3C4a + oy — C2aC33 — CaaCs5 — Co6Caa — Co5Caa — C33Ce6) 15 + (Ca3 + Caa + €55)C] (%,
Fy = (cssl? + caaly — C){[(1 4 co6) I + (22 + ce6)15]¢° = ¢* +

[(2c22€66 + oy — C22) 51213 — Concesly — cesli )

In this case, Egs. (14) simplify to

Di(aq) = Miz(ag) Mas(ag) — Mia(ag) Mss(ay),

Dy(ay) = Miz(ag) Maz(ay) — Miz(ay) Maa(cyy),

Dj(ay) = 0, D) = Maa(org) M33(ag) — M223(aq) (28)

and the reduced result corresponds to the purely elastic orthotropic materials, which is obtained
and studied by Yamada and Nasser [29]. On the other hand, the second factor of the Eq. (26) is

B+ Kyl + Kza? — w*(*r = 0, (29)
which corresponds to the purely thermal wave. Hence thermal wave in the generalized theory
of thermoelasticity is influenced by the thermal relaxation time 7.

4.2. Thermoelastic free waves

When layer I = Il and h; = ho(say h) then the thickness of the layer is 2k, on considering
origin at mid of the plate, then the above analysis reduces to a single plate. In this case, the
eight roots of Eq. (12) can be arranged in four pairs as a1, = —«;, j = 1,3,5, 7.

It is observed from Eq. (11) that M3, Mss, M3, and M,z are odd functions of «, and the
other M;;’s are even functions of o. On employing the thermal stresses and thermal gradient
free surfaces conditions

0‘3] = T, = 07 T3 = j:h7 ] - ]., 273, (30)
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and employing the relations (14), we have
Va1 = Vg»  Og+1 = —04and O 441 = Oy (31)
Hence from (23a)

b1q+1 = _b1q7 qu+1 = _b2q7 b3q+1 = b3q and b4q+1 = _b4q7 (32)
bij = l16; — oy,  boy = lad; — a7y,

bsj = Cisly + Casloy; — C330;0; — 3305, by = —ia;0;C5 = cjp /e, (33)

det [Py)] = 0. (34)

Eq. (34) is the corresponding characteristic equation for free waves in generalized thermoe-
lasticity. Further, if thickness d = (hy + hy) — 00, in Eq. (34) then the problem reduces to
thermoelastic surface waves.

4.3. Coupled thermoelasticity

This is the case, when thermal relaxation times 7 = 7 = 0 and hence, 7 = 7, = i/w.
Following above, we arrived at frequency equation of the coupled thermoelasticity. When 7 =
To # 0, characteristic Eq. (21) becomes the frequency equation in the LS theory of generalized
thermoelasticity.

5. Numerical results and discussion

Using Eq. (24a) numerical results are presented to exhibit the dependence of dispersion on the
angle of propagation and thermal relaxation time. The materials chosen for this purpose are
aluminum epoxy composite as layer I (h; = 0.6) and carbon steel as layer II (hy = 0.4).

Since the distinction among the wave mode types of thermoelastic waves in anisotropic
plates is somewhat artificial, as the thermal and elastic wave modes are generally coupled,
they are referred to as quasilongitudinal and quasitransverse, quasishear horizontal modes and
quasithermal. For wave propagation in the direction of higher symmetry (see Section 4), some
wave types revert to pure modes and lead to a simple characteristic equation of lower order, and
consequently to the loss of pure wave modes in the direction of general propagation. Here Fig. 2
depicts the dispersion curves for the direction cosines of propagation [; = 0.259, I, = 0.542,
and /3 = 0.799, whereas Fig. 3 demonstrate the dispersion behavior when the direction cosines
of propagation are same but the coupling constant ¢ = 0, 1.e., thermal and elastic fields are not
coupled.

Similarly, dispersion curves with the direction cosines of propagation /; = 0.195, [, =
0.515, and I3 = 0.834 are shown in Fig. 4, whereas when the direction cosines of propagation
are same but the coupling constant € = 0.

Similarly, on considering the direction cosines of propagation [; = 0.125, I, = 0.707, and
[3 = 0.696 dispersion curves are shown in Fig. 6, whereas when the coupling constant ¢ = 0,
keeping the same direction cosines dispersion curves are shown in Fig. 7.

It is observed that in generalized thermoelasticity, at zero wave number limits, each figure
(Figs. 2, 4 and 6) displays four thermoelastic wave speeds corresponding to one quasilongitudi-
nal, two quasitransverse and one quasithermal. It is apparent that the largest value corresponds
to the quasi-longitudinal and the additional mode appears is a quasi-thermal mode. At low wave
number limits, modes are found to highly influenced and also vary with the direction. A small
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Phase Velocity [Non-dimensional]

Fig. 2. Phase velocity versus wave number for the
direction cosine I; = 0.259, o, = 0.542 and I3 =
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0 0.8 1.6 2.4 32
Wave Number [Non-dimensional]
quasithermal
quasitransverse
quasitransverse
quasilongitudinal

0.799 in generalized thermoelasticity

Fig. 4. Phase velocity versus wave number for the
direction cosine [; = 0.195, [, = 0.515 and I3 =

L l 1
0 0.8 1.6 24 3.2

Phase Velocity [Non-dimensional]

25T

-
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-
]
-
-
-
-
L]
-
-
-

0.8 16 2.4 32 4
Wave Number [Non-dimensional]

— quasithermal

quasitransverse

= quasitransverse

quasilongitudinal

Fig. 3. Phase velocity versus wave number for the
direction cosine /1 = 0.259, I = 0.542 and I3 =
0.799 when the coupling parameter is zero
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= quasitransverse == quasitransverse
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0.834 in generalized thermoelasticity

Fig. 5. Phase velocity versus wave number for the
direction cosine [; = 0.195, [, = 0.515 and I3 =
0.834 when the coupling parameter is zero

change is observed in these modes values as £ increases and others higher modes appear, one
of the modes seems to be associated with quick change in the slope. It is also observed that
with change in direction, lower modes appear to have large influence than the higher modes
where a small variation is noticed. When the when the coupling constant ¢ = 0, i.e., thermal
and elastic fields are not coupled, Figs. 3, 5 and 7 demonstrate the dispersion behavior of wave
speed modes with different angles of propagation. From these figures, it is observed that at
low wave number limits, although wave speed modes are dispersive, but are different from the
coupled case. Thus in generalized thermoelasticity, at low values of the wave number, only
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Fig. 9. Phase velocity versus wave number in GL
theory of thermoelasticity with thermal relaxation
times 7o = 2-10~7, 7, = 10- 1077

the lower modes hihgly affected and the little change is observed at the relatively high values
of wave number. The low value region of the wave number is found to be of more physical
interest in generalized thermoelasticity. As high wave number limits exhibit no effect on wave
speeds, therefore the second sound effects are short lived in the laminated composites plates in
generalized thermoelasticity.

To observe the influence of the thermal relaxations, selected values of thermal relaxation
times 7y and 7 are cosidered, Figs. 8—10 demonstarte the variations of phase velocity with
wave number and the dispersive character of quasilongitudinal, quasitransverse and quasither-
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mal modes are represented. Quasilongitudinal, quasitransverse (two) and quasi-thermal waves
are found coupled with each other due to the thermal and anisotropic effects, also wave-like be-
havior of the quasi-thermal modes is characterized in Green and Lindsay (GL) thermoelasticity
theory. Also Fig. 11 is drawn by considering 7, only, a single time constant which represents
the dispersion curve in Lord and Shulman (LS) theory.

Although the thermal relaxation times 7 and 7 are derived from distinctively different
physical assumptions and physical laws, the dispersion behavior described by LS and GL the-
ory for thermoelastic waves are remarkably similar even in laminated composites plates. It is
probably due to the fact that even though the theories are entirely different in their approach to
form a coupled thermoelasticity theory, they are remarkably similar in their formulation.

6. Conclusion

Dispersion of a 3D layered heat conducting composite plate in an arbitrary direction in the
theory of generalized thermoelasticity is studied. Equations of motion for 3D continuum for-
mulated for an infinite layered plate of an anisotropic thermoelastic medium with uniformly
distributed temperature. The Floquet method is used for the derivation of general solution of
displacements and temperature distributions. Special cases such as classical, free waves and
coupled thermoelasticity are also presented and discussed. Influence of wave propagation di-
rection on plate dispersion is analysed numerically and analytically.
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