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Introduction

The wave propagation in non-homogeneous transversely isotropic electro-magneto-elastic plate has gained considerable
importance since last decade. The electro-magneto-elastic materials exhibit a desirable coupling effect between electric and magnetic
fields, which are useful in smart structure applications. These materials have the capacity to convert one form of energy namely,
magnetic, electric and mechanical energy to another form of energy. The composite consisting of piezoelectric and piezomagnetic
components have found increasing application in engineering structures, particularly in smart/intelligent structure system. T he electro-
magneto-elastic materials are used as magnetic field probes, electric packing, acoustic, hydrophones, medical, ultrasonic, image
processing, sensor and actuators with the responsibility of electro-magnetic-mechanical energy conversion.

Wave propagation in arbitrary cross-sectional plates and cylinders were analyzed and to find out the phase velocities in different
modes of vibration namely longitudinal, torsional and flexural by constructing frequency equation was derived by Nagaya [1-3]. He
formulated the Fourier expansion collocation method for this purpose and the same method is used in this problem. Pan [4] derived an
exact three-dimensional solution for a simply supported multilayered orthotropic magneto-electro-elastic plate. Pan and Heyliger [5]
investigated the free vibration of piezoelectric — magnetostrictive plate. Chen et al. [6] showed theoretically that there actually exists a
class of vibration of which the frequencies depend on the elastic property only. Chen et al. [7] derived the general solution for
transversely isotropic magneto-electro-elastic-thermo-elasticity. Hou and Leung [8] obtained the analytical solution for the
axisymmetric plane strain magneto-electro-elastic dynamics of hollow cylinder for axisymmetric flexural wave in piezoelectric —
piezomagnetic cylinders. Later Hou et al. [9] discussed the transient response of non-homogenous plane strain problem. Wei and Su
[10] studied the wave propagation and energy transportation along cylindrical piezoelectric piezomagnetic material. Chen and Chen
[11] investigated the Love wave behavior in magneto-electro-elastic multilayered structures by the propagation matrix method. Using
the propagator matrix and state-over approaches, an analytical treatment is presented for the propagation of harmonic waves in
magneto-electro-elastic multilayered plates by Chen et al. [12]. Abd-Alla and Mahmoud [13, 14] investigated magneto-thermo elastic
problems in rotating non-homogeneous orthotropic hollow cylindrical under the hyperbolic heat conduction model and the effect of
the rotation on propagation of thermoelastic waves in hon-homogeneous infinite cylinder of isotropic material. Chen et al. [15, 16]

studied the free vibration and general solution of non-homogeneous transversely isotropic magneto-electro-elastic hollow cylinder.
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Wang and Shen [17] discussed the two-dimensional problem of inclusion of arbitrary shape in magneto-electro-elastic
composites. Buchanan [18] investigated free vibration of an infinite magneto-electro-elastic cylinder. Recently Abd-Alla et al. [19]
studied the effect of magnetic field and non-homogeneous in various elastic media. Ponnusamy [20-22] investigated the vibration in a
generalized thermo elastic solid cylinder of arbitrary cross-section and plate of polygonal cross-section using Fourier expansion
collocation method and studied the wave propagation of piezoelectric solid bar of circular cross-section immersed in fluid using secant
method. Late the same author [23] discussed the wave propagation in electro-magneto-elastic solid plate of polygonal cross-section
using the Fourier expansion collocation method.

This paper analyzes the vibration of transversely isotropic non-homogenous electro-magneto-elastic plate of polygonal cross-
section using the theory of elasticity. For polygonal cross-sections the boundary is irregular, therefore Fourier collocation technique is
applied to obtain the frequency equations. The secant method is applied to determine the complex roots of frequency equation. The
non-dimensional frequencies are computed and the numerical values are plotted in the form of dispersion curves.

Formulation of the Problem

We consider a transversely isotropic hon-homogeneous electro-magneto-elastic plate of polygonal cross-sections. The system

displacements and stresses are defined by the polar coordinates Mand é#in a polygonal point inside the plate and denote the

displacements y_in the direction of and u,in the tangential direction&. The in-plane vibration and displacement of polygonal

cross-sectional plate is obtained by assuming that there is no vibration and displacements along the Z—axis in the cylindrical

coordinate system (r,0,2) The two-dimensional stress equations of motion, electric and magnetic conduction equation in the absence

of body forces are

or rog reom wlTP e
§ @)
90, +lao_aa +Zam =pa Lia
o r o6 r ot
The electric conduction equation is
2
o, 1, 1D, 4 @

o r ' r o6

The magnetic conduction equation is

B 1, 18, @
o r " roo
Where,

Jrr = Cllerr + Clzeﬂﬂ'

Opy = Cpo€ +C1i€pps

Oy = 20585, 4)

Dr = gllEr + rn:l.lHr '

D, =eyE, +myHy, )

Br = n’]llEr +:ullHr'

B, =my,E, +14,H,, (6)
Where &

1)

O 1 O,y AT€ the stress components, C1,Cpys Ceg A€ elastic constants, glliS the dielectric constants, Mlis the magnetic
permeability coefficients, m,, is the electro-magneto material coefficients, £ is the mass density of the material, D, , D, are the electric

displacements, B, B, are the magnetic displacement components.
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The strain & related to the displacements corresponding to the polar coordinates (r, 9) are given by

ou

rog or r

r
1

16u, u 1(1éu. éu, u (7
€ =— e€9:__€ - er6:_ __r+_6 —
or rog r 2

Where y_,u,are the mechanical displacements along the radial, circumferential directions respectively.

The electric field vector E,, (i=r,0) is related to the electric potential E as

: 8
g & g _ 10 (8)
or roo

Similarly, the magnetic field vector H_, (i=r,0) is related to the magnetic potential H as

9
oo 1oH ©)

roo’
Substituting Egs. (7) — (9) to the Egs. (1) — (6), we obtain

ou, lou, u,
Grr=C11§+Clz =t

rogd r
S, %w[i%ﬂ_rj
oo M™Mroee r)
1ou, ou, u, (10)
o =C| ot |
rog or r
and
oE oH
Dr:_glla_mllgv
__&uOE_m; oH
¢ rod r o6
oE oH
Br_ 1ar _:un%’
m, 8E 44, H - (11)

The elastic constantsc,,c,,c,,, Magnetic permeability coefficient,,, , dielectric constantsg , electromagnetic material

coefficients m, , density © are expressed as functions of the radial coordinates are

66 2
Where L,v,v'and p are constants, Mis the rational number, substituting Eq. (12) in Egs. (10) — (11), we obtain the stress-

cy =(L+V)r*", ¢, =Lr", c Ve =V, m, =m,r™", &, =g, 1", P = por™", (12)

displacement equation for non-homogeneous materials

o =" {(LJFV)aur + L[1%+u—*ﬂ,

or roe r
gy =12 | Ly (Lav)[ 1M U
or roe r
o, =LY T 13)
2 or r r oo

and
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m » OE » OH
D, =r’ [_511 — =My Ej’

or E
A N 49
¢ r 00 r 00|

Substituting Egs. (13) — (14) into Egs. (1) — (3), we obtain the set of displacement equations as follows

2 2 2
(L+V)(a ur +18ur UrJ+LaUr+(2L+V)aU€ _1(2L+3\/)%

o’ ror r2) 2r? 06? 2r o0 rr 2 80

2
+2—m((L+V)a—u+ L(E%Jru—rnz Poaat—uzr

r or roeg r

V(édu, 1ou, u,)| (2L+V)o%u, 1 (2L+3V)auy,
— 4224 +=

2 or* ror r? r ore0 r* 2 00
+(L+V)62u9+Vm(6ug_u_(,+laurJ_ o’u,

2 082 rlar r roe) P

po[TELLE 1) (OH 1oH 10H z_m(ﬁ @)
“lor2 ror r?o#? Lo ror r? oo r U or M or

r

(E 10E 16%E) ,(*H 1oH 18*H) 2m(_.0E _,,0H (15)
m,, st——t—— [tV sttt , —+V'— =0,
or ror r°o6 or ror r°o0 or or

The Eq. (15) is a coupled partial differential equation of two displacements, the electric potentials and magnetic potential
components.

Solutions of the Problem

To uncouple Eq. (15), we seek the solutions in the following form

M

u, (r, H,t) =) &, (I’ill//n'o _¢n,r + rilan,f) _&n,r>

=
Il
o

M

uﬁ(r'67t): gn(r71¢n,9 _l//n,r _Iﬁl&nﬂ _l/_/n,r)

>
]
o

+En)

M

E(r,0.t)=)¢,(E

n
n

1l
o

Sn(Hn-l-Hn) (16)

M

H(r,6,t)=

n

I
o

Where g, :]/2 for n=0, g, =1for n>1, p (F.Q), W (r,9), E (l’,t9), H (l’,t9) are the displacement potentials for the

symmetric mode and &n (r’ 9), ‘/_/n (r, 9)’ En (r’ 0) and ﬁn (r’ 9) are the displacement potentials for the antisymmetric modes
of vibrations.

Substituting Eq. (16) in Eqg. (15), we get

2 (17a)
(Lv)vis,vomf (S )% Ly ) 0 o
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, , om( ,OE, . oH (17b)
VZE +m, VZH_ + —+m, —|=0,
&y VoE My ViR, r (811 o my, ﬁrj
. 2m( . 6E oH (17c)
V2E +V'V?H_ +— n4y'—1|=0Q,
rrl11 1™=n 1 n r (mll ar arj
and
18
\val,,nwm[i%_&):o, (18)
2 r or r

Where ? 10 1 &% -

o’ rar r?oe

1

We consider the free vibration of non-homogeneous transversely isotropic plate, so we assume the solutions as follows
¢,(r,0,t)=r"¢, (r)cosnoe'*,

E,(r,0,t)=r"E,(r)cosnge'",

H,(r.0,t)=r"H, (r)cosnge™,
and

(19)
w, (r,0,t)=r""y, (r)cosnge™* - (20)
Substituting Egs. (19)-(20) in the Eqs.(17) and (18), we obtain
L1, poora’ 1 ((m*+n?)(L+V)+2mL) )
do (1) e (1) (L+V) r? (L+V) % (r)=0
ie) , 21
(ie) x (r)+1¢n (r)+<a2r2—ﬂ2)¢n(r):0, 1)
Where azzpoazwz ) [(m2+n2)(L+V)+2mL]
(L+v) F = (L+V)

Eqg. (21) is a Bessel equation of order £, its solution is

¢n(r)=[AmJ,g(ar)+ Am'Yﬁ(ar)Jcosne, (22)

Where A and A rare the arbitrary constants, J, (ar) and Y, (ar) denote the Bessel functions of the first and second kind of order
3, respectively.

Substitute Eq. (20) into the Eq. (18), we get
2,2
wn”(r)+%wn'(r)+{2%+a_riz(4mz+4m+n2)]y/n(r)=0,
(ie) 1 . o
v, (r)+Ft//n (r)+(k r’—o )1//n =0,

(23)
Eqg. (23) is a Bessel equation of order &, its solution is

!//n(r):(AAn‘]s(kr)+ A4n,Y5(kr))sin né, (24)

Where A, and A, rare arbitrary constants and Jﬁ(kr)and Y, (kr) denote the Bessel function of the first and second kind of order
o respectively.

Substituting Eq. (19) into the Eqgs. (17b) and (17c), we obtain



25478 P. Ponnusamy and A. Amuthalakshmi/ Elixir Appl. Math. 72 (2014) 25473-25486

’

2 ' I A2 2 I A2
[811' aarE2n +%(2m+1)aEn a0 En}[mn'a H, +%(2m+1)aH” LMy d Hn]:()

o r’ o0&’ ar? o r* 89 ’
(Ie) ’ ” l ' 2 ' " 1 ’ 2 (25)
& (En (r)+2E, (r)—%En(r)}rm“ (Hn (r)+2H, (r)—f—an(r)j:O,
and
A, , (m2+n2) , 1, (m2+n2)
m, | E, (r)+FE” (r)- = E,(r)|+V'| H, (r)+FH"( )- < H,(r) |=0,
(e) [, , 2 , , 2 (26)
m, (En (1)+3E, (r)—%En(r)}rV’(Hn (r)+2H, (r)—f—an(r)Jzo,
Where p2 :m2+n2.
Solving Egs. (25) and (26), we get
2 27
£ (r)+ & (N-L-E,(n)-0, 0
2 28
H (r)+ 21, () -E-H, (1)=0, )
The general solutions to the Egs. (27) and (28) are
En(r,H,t)z(Aan"+A2n'r"’)cosn<9e‘”",
Hn(r’e't):(Asnrp+A3n’r7p)cosn9ei“’t, (29)
Where A Az, A A\%'are the arbitrary constants.
The general solutions to the solid plate of polygonal cross-sections are considered as
¢,(r.0,t)=A,J,(ar)cosno, (30a)
E,(r.6,t)= A, rPcosné, (30b)
H,(r,0,t)= A, r’cosnd, (30c)
and
w, (r,0,t)=A,J,; (kr)sinng - (30d)

Boundary conditions and frequency equations

In this problem, the free vibration of non-homogeneous transversely isotropic electro-magneto-elastic plate of polygonal cross-
section is considered. Since the boundary is irregular in shape, it is difficult to satisfy the boundary conditions along the surface of the
plate directly. Hence, the Fourier expansion collocation method is applied to satisfy the boundary conditions. For the plate, the normal

stress &, and shearing stresses O the electric field D _and the magnetic field B is equal to zero for the stress free boundary. Thus,
the following types of boundary conditions are assumed for the plate of polygoanl cross-section is

(@), =(y), =(D,), =(B,), =0, (1)
Where ( )i is the value at the boundary T, as shown in Fig 1. Since the vibration displacements are expressed in terms of the

coordinates Mand &, it is convenient to treat the boundary conditions when the derivatives in the equations of the stresses are

transformed in terms of the coordinates fand & instead of the coordinates x. and vy, .
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Fig. 1 Geometry of the line segment
The relations between the displacements for the i— th segment of straight line boundaries are
u, =Uu, cos(6—7y)—Uu,sin(0-3),
(32)

U, =U,cos(6—y)+u,sin(6-7),
Since the angle y, between the reference axis and normal of the i - th boundary has a constant value in a segment T, we obtain

or 06 1 .
—=cos(0-y,), — ==sin(0-y,
OX, (0=7) ox T (0=n)
. 33
X sin(0-7), 29 =Leos(0-1,) (33)
57 ior
Using the Egs. (32) and (33), the normal and shearing stresses are transformed as
B ) - ou, 1 ., ) ou
0 =(Cy C08* (0= 7,)+C,sin* (0-1,)) P +F(cﬂsm (0-7)+cy, 08’ (0-7)) u,+—a£ +
u, laou augj .
-—=—r- sin2(6—-y,)=0,
Ge(r roo or (0-7)
ou, 1lou, wu ). lou, ou, u
= L=t sin2(0—y,)+| =—L+—L——L|cos2(0-y,) |=0,
Ty 66([& r o0 rj (0-7) (r 00  or r) ( y,)j
oE oH

D = — - r :0,

R

B —-m %E_, H_ (34)

=~y or Hay o

Applying non-homogeneity to the Eq. (34), we get

=((L+V)cos* (6-7)+ Lsinz(ﬁ—%))aaur' +%((L+V)Sin2(9—%)+ LCOSZ(H—%))(ur +%)
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ny:\i[[a”r_l%_ufjsinz(g_yi)j{lau 8”" ur“’jcosz(ﬁ 7|)j 0,

2\lar roo 00 or
oE  oH
D, =—&,——m, —=0,
X 8llar rnll ar
: 35
B_.m & H_, (35)

x mllE Ml? =
Substituting Egs. (30a) and (30d) in Eq. (31), the boundary conditions are transformed for stress free polygoanl cross-sectional plate

as follows:

Sy = 0.5( Aoh + A€l + Aged )+ D (A€ + A e? + Al + Ael),

n=1

S,y = 0.5( A T+ Ay T2 Ay 12 )4 S (A, T2 Ay £7 4+ AL 24 AL £2),

=1

>

E, =0.5(Ao0s + Agds + Agls )+ 2 (AnTn + A0l + A 85 + A, 07 ),

-1

>

. (36)
0.5( Aohg + Awhd + Aghg )+ 3" (A, + A 02 + A 02 + A )
n=1

= —4— N[(— -1 — -2 — -3 — =4
Sy = 0.5eq9 Agpo +Z(A1n9n + Aznen + Asn€n +A4nen),
Sy =057 Aw +z(7\m T AT 4 AT +z\4n?;‘),

n=1
E. =050 Auw +z(7\maln ARG+ ARG +z\4n§;‘),

n=1

(37)

5h0 A40 +Z(A1nﬁln +Z2nﬁi +Z3nﬁr31 '|'Z\4nﬁzn1 ),

n=1

The coefficients o _p-are given in the Appendix A.

Performing the Fourier series expansion to the Eq. (31) along the boundary, the boundary conditions along the boundary of the
surface are expanded in the form of double Fourier series. When the plate is symmetric about more than one axis, the boundary

conditions in the case of symmetric mode can be written in the form of a matrix as follows:
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Ew Ex Ew O Ey L Ey E; L Ey Ey L Ey Ey L Eg A | (38)
M M M M M M M M M M M M M
Evo Evo Bl O Ey L By Eu L ER EL L Ey Ey L Eyl|l A
Fo Fo Fo 0 Ry L Ry Rl L Ry Fe L Ry, R L FylA
M M M M M M M M M M M M M
Flo Fio R 0 Ry L Ry Ri L Ry Fu L Ry Re L FaflAv|_g
Gy Gp Gn 0 G, L Gy G L G Gy L Gy Gy L Gy | A
M M M M M M M M M M M M M
Gw G Guw 0 Gy L Gy Gi L G Gu L Gi Gy L Gy || A
Hiu He He 0 Hy L Hg Hi L Hi H L Hy Hg Lo Hgy || Ay
M M M M M M M M M M M M M
_Hto HlflO Hr?lo 0 H]l;ll L H;N Hr%u L HliN Hr?u L Hfm HIL\lll L H:N__AllN_
Where
(26 VL
E) :( "JZen’(Ri,H)cosdee,
T )iz
(22 0\
Fl = ( n j f)(R,0)cosmodo,
T
(26 VL
G}, :( ”j 9. (R;,0)cosmade,
T )iz
) 2 I 39
Hn'm:( g”j hi (R;,6)cosmade, (39)
T )i
Similarly the matrix for the antisymmetric mode is obtained as
Efo Eil L EiN Elzl L ElzN Efl L EfN Efl L EfN | Auw | (40)
M M M M M M M M M || Au
-1 = —1 —2 —2 =3 —3 —4 —4 M
Envo Eme L Ew Ewm L Ew Emt L Ew Enmi L Em
-4 =1 —1 —2 —2 =3 -3 —4 —1 || A
Fo Fu L Fwn Fu L Fww Fu L Fin Fu L Faw ||
M M M M M M M M M || Az
—4 =1 —1 —2 —2 =3 -3  —4 —4 M
Fno Fnvo L Faw Fao L Fw Fne L Fw Fne L Fav || —
—4 —1 —1 —2 —2 —3 —3 —4 —4 Aen | =0,
Gow Gu L Gw Gu L Gw Gu L Gw Gu L Guw A
MM M M M M M M M
—4 = -1 =2 —2 =3 —3 = —4 M
GNO GN]. L GNN GNl L GNN GNl L GNN GNl L GNN Z
—1  —1 —1 —2 —2  —3 —3 —a —a N
Ho Hu L Hw Hua L Hw Huo L Hiww Ha L Hai M
M M M M M M M M M |l AL
—4 —1 —1  — —2 —3 —3 —4 —4
|[Hvo Hx L Hw Hwm L Hww Ha L Hw Ha L Hw || J
Where
=i 2g, \\ooi .
Em =| = |> en(R;,0)sinmado,
T )=
=i 2¢, \ o5 .
an:( ”j f,(R,0)sinmodo,
T )=
=i 2¢ L—j .
Gmn :( ”j 9,(R;,6)sinmado,
T )4

(41)

. 1. .
Hém:(zgnj ha (R,,0)sinmodo
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Numerical results and discussions
The numerical analysis of the frequency equation is carried out for non-homogeneous transversely isotropic electro-magneto-
elastic plate of polygonal cross-section. The electro-magnetic material constants based on graphical result of Aboudi [24] used for

numerical  calculations. The material ~constants are ¢, =218x10°N/m*, ¢, =120x10°N/m?, ¢, =49x10°N/m?,

&, =0.4x10°C/Vm, g4, =—200x10°Ns?/c?and m =0.0074x10°Ns/VC . Substituting R and the angle . between the

reference axis and the normal to the i—th boundary line, the integrations of the Fourier coefficients ¢! fi gi hi, e 7 ai and
ny n’ n

i can be expressed in terms of the angle 8. Using the coefficients into Egs. (39) and (41), the frequencies are obtained for non-

homogeneous transversely isotropic electro-magneto-elastic plates of polygonal cross-sectional plate.

In the present problem, there are three kinds of basic independent modes of wave propagation have been considered namely
longitudinal and two flexural (symmetric and antisymmetric) modes for geometries having more than one symmetry. For geometries
having only one symmetry, two modes of wave propagation are studied since the two flexural (symmetric and antisymmetric) modes
are coupled in this case.

Polygonal cross-sections

The geometry of the polygonal cross-sections used in the numerical calculations are shown in the Fig. 2, the geometric relations

for the polygonal cross-sections given by Nagaya [25] as

R/b=[cos(6-7)]" (42)
™~

RS

-

g =0° y =60
= 120° - 180°
-180° L =

ac]
-2

—
A
,
e ]

8 =0° oy =45

5 =090° ¢ =135
5 =180 L =

g =0° oy =0
5 =36 oy =72
B =108" 7 =144
5 =180° L =

§ =0 oy =30°
B =60° oy =00°
8 =120° ¢ =150°
5 =180° L =3

Fig. 2. Geometry of polygonal cross sections a) Triangle b) Square c) Pentagon and d) Hexagonal cross sections

where pis the apothem The relation given in Eq. (42) is used directly for the numerical calculation. The dimensionless wave

numbers, which are complex in nature, are computed by fixing Q for 0<Q<1.0 using secant method. The basic independent modes
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like longitudinal and flexural modes of vibration are analyzed and the corresponding non-dimensional wave numbers are computed.
The polygonal cross-sectional bar in the range =0 and 8 = r is divided into many segments for convergence of wave number in
such a way that the distance between any two segments is negligible. The computation of Fourier coefficients given in Eq. (39) is
carried out using the five point Gaussian quadrature. The results of longitudinal and flexural (symmetric and antisymmetric) modes
are plotted in the form of dispersion curves.
Triangular and Pentagonal cross-sections

The triangular and pentagonal cross-sectional cylinders the vibration and displacements are symmetrical about the x axis for the
longitudinal mode and antisymmetrical about the y axis for the flexural mode since the cross-section is symmetric about only one axis.
Therefore n and m are chosen as 0, 1, 2, 3... in Eq. (38) for the longitudinal mode and n, m=1, 2, 3 ... in Eq. (40) for the flexural
mode and the complex wave number ¢ are calculated by fixing the dimensionless frequency () .
Square and Hexagonal cross-sections

In case of longitudinal vibration of square and hexagonal cross-sectional cylinders, the displacements are symmetrical about both
major and minor axes since both the cross-sections are symmetric about both the axes. Therefore the frequency equation is obtained
by choosing both terms of n and m are chosen as 0, 2, 4, 6... in Eq. (38). During flexural motion, the displacements are
antisymmetrical about the major axis and symmetrical about the minor axis. Hence the frequency equation is obtained by choosing n,
m=1, 3, 5,... in Eq. (40).
Dispersion curves

The results of longitudinal modes of vibrations are plotted in the form of dispersion curves, the notations Lm denotes longitudinal
mode in all the graphs. The 1 refers the first mode and 2 the second and so on. From the graphs obtained, it can be noticed that the
dispersion for the plates in the fundamental mode is high. But in higher modes, the dispersive curves are almost straight, along the
direction of propagation. Hence it may be concluded it has a non-dispersive behaviors. It is also to be mentioned that the cross over
points in various curves of different modes indicate that for a particular frequency of vibration, the mechanical energy is
communicative between its directions of wave propagation in the respective mode. A comparison between the different modes of non-
dimensional frequency spectrum for longitudinal modes of triangular cross-sectional plates is shown in Fig 3. From the Fig. 3, it is
observed that, the non-dimensional frequencies are increases by increasing the modes of vibrations. A dispersion curve is drawn
between different modes of vibrations versus non-dimensional frequency Q for a square cross-sectional plate, it is shown in Fig.4.
From the Fig.4, it is observed that the non-dimensional frequency is increases by increasing its modes of vibration. Graphs are drawn
between mode and non-dimensional frequency of longitudinal modes of triangular and hexagonal cross-sectional plate and are shown
in Figs. 5 and 6. From Figs. 5 and 6, it is observed that the non-dimensional frequency Q increases as modes of vibration increases for
a particular period. At some points the energy level decreases as modes of vibration increases. The cross over points in the trend line
indicates that the mechanical energy is transferred between the modes of vibrations.
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Fig 3. Mode versus non-dimensional frequency for longitudinal mode of triangular cross-sectional plate
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Fig 4. Mode versus non-dimensional frequency for longitudinal mode of square cross-sectional plate
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Fig 5. Mode versus non-dimensional frequency for longitudinal mode of triangular cross-sectional plate
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Fig 6. Mode versus non-dimensional frequency for longitudinal mode of hexagonal cross-sectional plate
Conclusions
Wave propagation in non-homogenous transversely isotropic electro-magneto-elastic plate of polygonal cross-section is studied
using the Fourier expansion collocation method. The frequency equations are obtained from the polygonal cross-sectional boundary

conditions, since the boundary is irregular in shape; it is difficult to satisfy the boundary along the surface of the plate directly. Hence,
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the Fourier expansion collocation method is applied along the boundary to satisfy the boundary conditions. The roots of the frequency
equations are obtained by using the secant method applicable for complex roots. The computed non-dimensional frequencies are
plotted in the form of dispersion curves and their characteristics are discussed.
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Appendix A

& =[{B(B-1)3,(ar)+(ar)d ; (ar)}(L+sin® (0-7,))~{B(B+1)3, (ar) +(ar) 3, (ar)}(L+cos’ (0-7,)) & =0

+(ar)’ {(1+[)cos2 (6—y,)+Lsin*(6-7, )}J,; (ar)]cosne—n{(ﬂ—l)J,,(ar)—(ar)JM(ar)}Sin2(9—% Jsinng

el =0
er ={n(5-1)J, (kr)—(kr)J,,, (kr)}cos2(6 -y )cosng
{ 2 _gkr)2 JJJ(;(kf)—(kf)lm(kr)}sm nesin2(6-y,),
[ ar)J/M(al’)}+((ar)2 .y —nz)Jﬁ(ar)Jcosngsin 2(60-7)
+2n{(B- 1) s (ar)—(ar)d,.,(ar)}sinndcos2(0-7,),
£2=0
f2=0

fi =2n{5J, (kr)—(kr)J,,, (kr)}cosndsin2(6 -y )+

[2{5% (kr)—(kr)Jd,., (kr)} +((kr)2 -5 - nz)‘]o. (kr)}sin ngcos2(6-y,)



