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ABSTRACT

An approach of Green’s function is adopted to solve the
inhomogeneous linear differential equations representing wave
equations in piezo-composite materials. In particular, transference of
horizontally polarised shear (SH) waves is considered in bedded
structure comprising of porous-piezo electric layer lying over a
heterogeneous half-space. Propagation of SH-waves is considered to
be influenced by point source, situated in the heterogeneous
substrate. A closed form analytical solution is obtained to establish
the dispersion relation. Remarkable influence of different parameters
(like elastic constant, piezoelectric constant, heterogeneity parameter,
initial stress and layers thickness) on the phase and group velocity are
shown graphically. Moreover, a special case of present study is
shown by replacing the porous piezoelectric material with
piezoelectric material. Some numerical examples are illustrated by
taking the material constants of Lead Zirconate Titanate (PZT-1,
PZT-5H and PZT-7) for the porous piezoelectric layer where the
phase velocity of SH waves is high rather than that of piezoelectric
layer. © 2020 IAU, Arak Branch. All rights reserved.

Keywords: Point source; Porous piezoelectric material; Green’s
function; SH-waves.

1 INTRODUCTION

N modern mobile technologies ambient light sensors have been incorporated in order to optimize the performance

of display channels. In addition to this, the sensor has also been used in automobiles to accelerate the activity
subsequently. SAW devices work on the principle of surface wave exists in an elastic body of free surfaces and
interfaces, where the distribution is localized near the surface area. All acoustic wave devices utilize the
piezoelectric effect to transduce an electric signal into a mechanical wave. The mechanical wave propagates through
the material to another transducer, which converts the wave back to an electrical signal. Piezoelectric materials are
extensively applicable due to the characteristic of inducing electric charge or self-polarization when subjected to a
mechanical stress. It is noticed that from few decades, use of piezoelectric materials are increasing rapidly. Many
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authors have reported significant works related to piezoelectric (PE) and others material [1-8]. The boundary value
problem having homogeneous boundary condition is easier to solve as compared to non-homogeneous boundary
condition. The non-homogeneous boundary conditions, for which the problem has solutions, need to be
homogenized with the aid of some transformations of the variable [9-10]. Green’s function provides solution of
elasto-dynamics problems having disturbance caused by point source. Since Green’s function is a useful tool in the
field of applied mathematics as it helps by providing solutions to a large number of families of differential
equations. Prior to last decades, the displacement generated in a form of Love waves due to two-dimensional point
source in a medium, has been studied by Ghosh et al. [11], under the scheme of Green’s function. Green’s function
is imposed according to the material characteristics whether how it behaves mechanically to an impulsive excitation
force. Many researches have solved the problem of wave propagation influenced by point source for the accepted
models [12-15].PE materials are the materials, which produce electric fields subject to mechanical stress. The
possible applications of PE material falls in the area of mechanical and electrical engineering, communications,
geophysics (especially in making of surface wave sensors, transducers and SAW devices) [16-21]. Embedding of PE
materials with composite structures forms the structures of smart material. Besides, of their enormous applications,
these smart structures have many non-ignorable shortcomings. In many device applications the brittle nature of PE
material, causes failure of device under mechanical and electrical loading. Such limitations can be removed by
introducing porosity in a controlled fashion to the PE material as the porosity gives low material density in compare
to that of previous one. PE materials containing tailored porosity are known as porous-piezoelectric materials as
piezoelectric ceramics. Composition of material with porous piezoelectric ceramics reduces the brittleness fracture
in the composite smart structure, which provides strength, consequently increases the efficiency of the SAW
devices. Wave propagation in porous piezoelectric structure is a topic of interest nowadays. Vashishth et al. [22]
have studied the wave propagation concept in porous piezoelectric materials and derived the constitutive equations.
Gaur AM and Rana [23] have studied the dispersion relations for SH wave propagation in a porous piezoelectric
(PZT-PVDF) composite structure. 3D waves in porous piezoelectric materials have also been studied by Vashishth
and Gupta [24]. Some more literature and applications of wave propagation in PE and porous material have been
found somewhere [25-29].

The present research article is confined to study the SH-wave transference (due to a point source) in porous
piezoelectric layer, overlying a heterogencous substrate. Green’s function method is used to solve the governing
equations. Dispersion relation is obtained analytically in closed form and matched with classical Love-wave
equation. Remarkable influence of parameters like elastic constant, piezoelectric constant, heterogeneity parameter,
initial stress and layers width are shown as graphically. Numerical examples are considered by acquiring the
material constants of PZT-5H, PZT-7 and PZT-1 for the porous piezoelectric layer.

2 FORMULATION OF THE PROBLEM

The transference of SH wave under a point source in a framework comprising of porous piezoelectric layer (of
thickness h ) overlying by a heterogeneous half-space. The mathematical model specified by a Cartesian coordinate
system is shown in Fig.1. Axis-y is taken along the direction of wave transference and x-axis pointing vertically
downwards. A source of disturbance is located at interface °S°. The poling direction of porous piezoelectric material
is parallel to z-axis.

_— ee /
Fig.1

X Geometry of the problem.

2.1 For the upper porous piezoelectric layer

The governing equation of motion for upper porous piezoelectric layer is given as:
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where, w (w) represents the displacement components for solid (fluid) phase of the material;

(,0,”,) (plz) and(pzf’2 )y- are the mass coefficient. The porous piezoelectric materials having the following

constitutive relations
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where c¢f,, 7/ andv” represent the elastic constants; A7, 7 andA;” represent the dielectric constants;

n (77" ),5‘f iy (6"?’ ),ﬁf’ (vap )andE pe (f,f”’ ) are the strain tensor, stress tensor, electric displacement and electric

field for solid (fluid) phase of the material, respectively. The relation between strain tensors, displacement
components, electric fields and electric potentials are as:

775 :O‘S(Wi,j +Wj,[)’ n” —W”, ip :_¢,i’ C:fp =9, (3)

where, ¢(go) represents the electric potential function for solid (fluid) phase of the material. We have considered

that the wave propagates along y-axis, the displacement and electric potential function (for solid and fluid phase)
can be defined as:

u=y=0,w :w{’(x,y,t),w* =w/ (x,y,t), o=¢" (x,y,t), o= (x,y,z). 4)

On substituting the values from Egs. (3) and (4) in Eq. (2), we get
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Let y, (r t)be the distribution of force density in the upper layer due to point source at the common interface; »
is the distance from the origin (where the force is applied to a point of coordinates) and ¢ is time. With the help of

Eq. (1) and (5), we get
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Moreover, rearranging the Eq. (6), we get
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Let us suppose that the solutions of Eq. (7) are
Je'™ 0" (x,2.0)=g" (x.3 )e'™ .y (rot )= (r)e " ®)

wl (xyt)=wl(xy)e'™, & (x,y,t)z%” (x.y
Due to the impulsive force, the disturbance can be represented in the form of Dirac-delta function at the source
point as 7 (r)=5(y )S(x —h). Now, let us introduce the new functions #” (I',x ), ®/ (I,x )and®/” (T',x ) . Suppose
that the functions /7" (T,x ), @’ (T,x )and®” (I',x ) are the Fourier transformation of w/ (x,y ), 4 (x,y )and @* (x,»)

respectively, we have

15 _ Ty
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0

e i
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Moreover, the inverse Fourier transformation functions

wl (x,y ): IW]” (F,x )e’iry drT,

©

¢’ (x,y)= J. 7 (F,x e dT, (10)

©

o (x .y ): I or (F,x )e’iry drT.

By applying the Fourier transformation on Eq. (7), we get the following ordinary differential equations of second
order

L (dw? o [dD!
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where, v, (r)=6(y)8(x —h). Now, from Egs. 11(a) and 11(b), we have

awp
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2.2 For the pre-stressed heterogeneous substrate

The equation of motion for pre-stressed heterogeneous substrate can be written as:

i( *_EJGW; +i *aW; — ’7aw§ 13
o\ T2 e Ta\ T )T e (13)

where, &, p) and 4 represent the initial stress, density and rigidity of the material respectively. We have assumed

heterogeneity associated with rigidity in half-space and varies linearly.
K= p+y(x—h) (14)

where, 7 is the heterogeneity parameter and x is the rigidity of the substrate. Let us assume the solutions of Eq. (13)
can

it

ws (x,pt)=v) (x,y)e'™, (15)
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On substituting the values from Eqgs. (14) and (15) in Eq. (13), we get

ow,  ow,

ox? 4 ox

2

( ajazw‘;’ owy 0wl oW (16)

ayZ +'u axl _p2 atzz :_}/(x_h) atZ _}/(x _h)

Now, let us introduce the function W,'(T,x). Suppose that the functions W,'(I',x) are the Fourier

transformation ofw, (x,y ), then,

h l T — ily
W) (F,x):;:l;wf (x,y)e™ dy. (17)
Moreover, there inverse Fourier transformation
Wl (x,p)= [} (Tx)e™ dT. (18)

By applying the Fourier transformation on Eq. (16), we get the following ordinary differential equation of second
order

v, W, =4ny, (x). 19)

2 (X =h)dw " —n\rw! h
where, v2=|1--2 r-2% an4 4y, (x )= (& —h)dW, +7/(x )T, _raw,
’ 2u H ’ U dx? u u dx

3 BOUNDARY CONDITIONS AND APPRAISAL OF CONSTANTS

In order to find the solutions of Eqgs. (13) and (19), we use the Green’s Function approach along with the following
boundary conditions:
L The mechanical traction free and electrical boundary conditions (both open and closed circuit case) at the
free surface are

(a)o;‘jc (x)=0, (b)Df(x)+Df”(x):0,
(c)®? (x)=0, (d) O (x)=0.
1L The continuity conditions at the common interface of the upper layer and substrate are

(e)()'z"fV (x)= O'Z}; (x),
(W @x)=w"(x),
(i )@{”’ (x)=0.

(f )Df (x)+D"”(x)=0,
(h)(D{’ (x)=0,
Now, using the above conditions (a), (b), (¢) and (f), we can represent the boundary conditions

P
aw, =0 at  x =0, (20)
dx
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,awyr _ dw

at =h. 21
Cu dx dx * @D

Let us consider G, (x /x) be the Green’s function (in the context of upper porous-piezoelectric layer) that

satisfies the following condition

dG, (x/x.)

=0atx =0and 4, (22)
dx

where, x. is an arbitrary point of the upper layer. Green’s functionG, (x /xc)will also satisfy the following

condition

d’G,(x/x.
%—VIZG,(x/xo)zé'(x -x.). (23)
On multiplying Eq. (12) by G, (x/x.) and Eq. (23) by #,” and then subtracting, we have

awy ,,dG (x/x.)

G, (x/x.) o . o =4xy, (x )G, (x/x.)dx =&(x —x. W "dx. (24)

Now, on integrating Eq. (24) with respect to x between the limits x =0and/, we get

x=h

J:([Gl (x/xo)cg/:—;—Wlp %}x =x.[0[4ﬁwl (x)G, (x/x.)-5(x —xg)W,"}dx.

On using the Eq. (22), we can write

dw?

G, (h/x.) e

:%Gl(h/xo)—Wl” (x.). (25)

$=h 1

On replacing the variable x. byx in Eq. (25), the expression of displacement function for the upper layer at

arbitrary point as:

W (x) :%Gl (x/h)=G, (x/h)

1 x=h

awr 26)
dx ’

where,G, (h/x )=G,(x/h) . Similarly, let G, (x /x.)be the Green’s function (in the context of lower heterogeneous

half- space) which satisfies the following condition

dG o

—QC(JX/X ) 0atx = 27)
X

M—)Oasx—)co (28)
dx

Green’s function G, (x /x. ) will also satisfy the following condition
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d’G .
%—vzsz(x/xo):5(x -x.), (29)
where x. is an arbitrary point of half space. On multiplying Eq. (19) by G, (x/x.) and Eq. (29) by W, and on

subtracting, we get

G, (x/x. )dZW : -w) dsz(xz/xe)dx =4y, (x )G, (x /x.)dx =& (x —x. )W dx. (30)
x

Now, on integrating Eq. (30) with respect to x between the limits x =0and o, we get

X =00 d2W2h \ d2G2 X =0 .
.[ G,(x/x.) e -w, Z(x/x.) dx = I[4m//2(x)G2(x/xo)—5(x —x. W, Px,
K x dx 1
which reduces to
dZWh x =0
—G, (h/x.) 2 I 4y, (x )G, (x /x.)dx =W (x.). (31)

On replacingx. by x in Eq. (31), then, the expression of displacement function for the lower half space at

arbitrary point as:

Wl (x)= | 4 (x-)Gs (x x)d +G2(x/h)dg/c2 : (32)

x=h x=h

where G, (h/x)=G,(x/h)and G,(x./x)=G,(x/x.). By using boundary condition (Il. g) and Egs. (20), (21)
and (32), we have

dWl”| _ 2 uG, (h/h) - P =0 ir :
dx |, 0, (4G, (h/h)+eiG, (hh)) (4G, (h/R)+eLG, (h/h)). 2 j va(x. )G (A )ax

x =h

Substituting the following value in Eq. (26), we get

2 G,(x/h)G, (h/h) 2uG, (x/h)G, (h/h) XXTDOM%(XO)GZ(;Z/XO)M (33)

Ol uG ()G, (h[h) 0 (4G, (h/h)+elG, (h/h)) 2,

Moreover, on using the value of 47y, (x ) from Eq. (19),

, 2 Gi(x/h)G,(h/h)  2yG,(x/h)G,(h/h) y
Yt uG (hh)+elG, (h/h)  pG, (h/h)+chG, (h/h)

Xo=00

[ {(xo Ay +dX~W2”}G2(h/xo)dx

Xo=h dx

(34)

Similarly with the help of Egs. (21) and (32), the displacement function for first approximation (neglect the
higher power of y )
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2l Gy(x/h)G,(Wh)

P

Pt G (h/h) et Gy (/) (35)
On substituting the value from Eq. (35) in Eq. (34), we get
2l Gi(x/h)G,(h/h)  2¢f,  ¥Gi(x/h)G,(h/h)
L HG () elGa () (4G, (hf k) +elGl (h/B)) o6
Tj{(xo—h)%—(xg—h)FZGZ(xo/h)+W}Gz(h/xo)dxo

The displacements are the function of G, , so it is necessary to find the values of Green’s function to obtain the
value of displacement. From Eq. (23), we can write

Let P, and P, be two independent solutions of Eq. (37) vanish atx =—ooand o respectively, then P, (x ):ev‘x

and P, (x ):e’v"‘ . Then the solutions of Eq. (37) for an infinite medium are

B (x)P(x.)
P forx <x. sz (x ) dPl ()C )
where @ =P, (x ) —P,(x) =-2v,.
A(x)A (x) forx >x. &« &
w
_ -V ‘X _XQ‘
In a simplified way the solutions of Eq. (37) for an infinite medium is — Moreover, with the help of
Vl

Eq. (22), we get

. (ev,x {e—v,(lﬁ-xc)+e—v](h—xo)}+e—le {ev,(h—xu)_’_e—vl(h—xo)})

| VA
G N=— vl‘x xg‘ 4+
l('x/x ) 2V1 (e ) 2‘/1 evlh _efv,h
(38)
_ 1 7v2‘x7xn‘ 7vz‘x+x572h‘
G, (x/xe)—z[e +e ]
4 DISPERSION RELATION
On substituting the values from Eq. (38) in Egs. (35) and (36), we get
2ycy, l-i— r’ (efv‘x +e"" )(ev‘h +e’v"’)
—2C54 (e—le +e ) 44 2 4(1/2 )2 (39)

WP = + .
1 (ev'h {/qu +V]cf4}_67V1h {_ﬂ"z +V|Cf4})'€1 2 (eml {/11/2 +V1Cf4}_67wh {—,uvz +V‘Cﬁ4p})

Eq. (39) has been further simplified to yield the given result
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W= 2 e Sl ! : (40)
1 (eVIh {:uvz +V1Cf4}_eW1h {—/11/2 +V|Cf4}) ’01 [1 FZ J A —vh
y| =+ 5 (ev' +e™ )
2 4(n)
(ev'h {,uv2 +vlcf4} —e™" {—,uv2 +vlcf4})

1+

Eq. (40) contained the heterogeneity parameter ( ¥ ), assuming the value of y small, we neglect the higher power

term. So by using inverse Fourier transformation, the displacement at arbitrary point for upper porous piezoelectric
layer is

Wlp :{_2054JT (e*m +eV1x) e iTx dr, (41)

/61 B (eVIh {,Uvz +Vlcf4} _eﬂ/Ih {_/uvz +Vlcf4})+}/[1+2r22}C0S h(hvl)

Va

where the factor of time is omitted. Now we will compute electric potential (for both solid and fluid phase). Let us
assume that

rp
Y(x,y,t):(D{’ (x,y,t)—%Wl” (x,y,t). (42)

11

On substituting the value from Eq. (42) in Eq. (11b), then the electric potential function for the solid phase of
porous piezoelectric material are

OF (e )i ™ 4,07 + S e rer) X
1 5 3 4 1’1’7 (evlh {/,lVZ +Vlc:’4}_efv,h {_,UVZ +Vlc£’4})
1 Fz Vi -Vh
y[2+4(v2)2}(8 ) )

(ev‘h {yv2 +vlcf4} —e™" {—yvz +vlcﬁ}>

On using the boundary condition (c) and (h), we get

1"2 wvh -vh
7| 1+ 5 (e‘ +e™ )
¢lp (x 9y ’t):é, _261];1)054 1_ 2(V2) *

ST | (e v, +viel ) —e " {—pv, +viel,}) (44)

|:2(el"(x—h)_e—l'(x—h))_(e(v1h+r,x) _ef(vlh-kl"x))_(e(fv]h-ﬁ—rx) _ef(fvlmrx))_i_(ele e ):|

By using inverse Fourier transformation of Eq. (44), the electric potential (solid phase) at an arbitrary point for
upper layer are
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Z(er(x—h) _eTxh )_ (e(v,h+rx) _e-(v,h+r.x) )

B ) ) i e*il"x
e (e T e e ) ar. @)
b S 2 ’
(em {:uvz +Vlcf4}_eim {_;uvz +Vlcf4})_7[1+2(v)2JC0S h(hvl) Sin h(T'h)
2

Similarly, we can find the electric potential for fluid phase at arbitrary point. By solving the integral of
Displacement and electric potentials function (fluid and solid phase) for poles, we get the following equation

(ev‘h {,UVZ +v10f4} —e {_ﬂVz +V1cf4})+y[1+zr—22JCos h(hv,)=0. (46)

v,

Eq. (46) is the dispersion relation of SH wave propagating in the porous-piezo composite structure under the
influence of point source which is lying over a pre-stressed heterogeneous half space.
Replacing v, by iv,and I' by k, we get

ﬂ(l_aj_cz
Tanv’h = 2u 22-|- z I+ -
| P g 2
¢ ¢ ’ -
i | #5)) w
) 1

2
2 ép

.o_.o0_ |C o 11, (15) 2 H

iv,=v) = /—2—1, pi=—|¢ch+ — | B="—.
| P Al P

5 SPECIAL CASES AND VALIDATION

Case ]
When the considered geometry reduces to transversally isotropic with initial stress , with point source, then the
dispersion relation becomes [14]

-1
2 1 ﬂZ
: u|(1-82)-55 {“z[ci{l—ﬂf}—l} }
Tankh c_2_1 = s +ﬂ ] where ¢} =y,.
B P i—l— o, 2 c? 5
A oG
Case Il

When the considered geometry reduces to transversely isotropic layer lying over a transversely isotropic elastic
material with a point source, then the dispersion relation becomes [31]

2 2
2 2 2 2
Tankh| |*5—1 |= P _rh b 1
B c 4, 2 2 3
! 2 2
Case IIl
When the considered geometry reduces to transversally isotropic with then the dispersion relation becomes
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2
f c
c? I
Tan| kh 1| |=——=, ﬁ2=&, ﬁjzﬁ ,where c,’

1 (& S S

=Hys

which is a classical Love-wave equation [15].

6 GROUP VELOCITY

The group velocity refers to the speed at which the whole group of waves travel. The variation of group velocity
(c g)expresses the rate at which energy is transported. The group velocity can be calculated by the formula
¢, =d,m=c+kd,c, where @ is the frequency of wave, k is the wave number and c¢ is the phase velocity.

If the group velocity is greater than the speed of phase velocity, the dispersion is termed as ‘anomalous’
otherwise ‘normal’.

7 NUMERICAL EXAMPLE AND DISCUSSIONS

To show the impact of different parameters on the phase and group velocity, numerical examples are provided. We
have considered the elastic constants of Lead Zirconate Titanate (PZT-1, PZT-5H, PZT-7) for porous-piezoelectric
medium. The material constants for the porous piezoelectric layer and heterogeneous half space are given in Tables
1 and 2 respectively.

Tablel
Material Constants for porous piezoelectric material. [32]
Parameter /Materials PZT-1 PZT-5H PZT-7
(glpl )33 /(kg m 73) 4950 4950 4950
(g{; )33 /(kg'm 73) 4800 4800 4800
(gé)z)ss/(kg.m%) -1125 -1125 -1125
cf,/(Nm ™) 222 x 10° 23.0 x 10° 25.0 x 10°
e’ /(C.mfz) 9.8 17.0 13.5
cn /(C~m 72) 4.20 7.80 6.56
o /(Fm™) 5.2x107 11.2 x 10” 10.8 x 10”
- -9 -9 -9
‘;/(Fm I) 8.76 x 10 27.70 x 10 17.10 x 10
2 /(Fm) 10.90 x 10° 29.90 x 107 21.80 x10”
Table2
Material constants for heterogeneous half space. [14]
Parameter/Material Isotropic heterogeneous half pace
wu/(N.m™) 23.24x 10"
6,/ (kgm™) 5.008x 10°
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Graphs have been plotted to represent the variation of dimensionless phase velocity (¢) and group velocity (c < )

against dimensionless wave number and have shown by Figs. 2-11. Fig. 12 represents the surface plot by taking the
group velocity, dimensionless wave number and width of porous piezoelectric layer in three axes. Moreover, Fig. 13
is drawn to show the comparison between phase and group velocity.

Fig.2 reveals the influence of piezoelectric constant on phase velocity of SH waves. It is observed that increase
of piezoelectric constant (in fashion of arithmetic progression with common difference of 5C /m”) decreases the
phase velocity. This theoretical result can be used to regulate the efficiency of sensors involving piezoelectric
materials. Fig. 3 represents the effect of elastic constant on the dimensionless phase velocity. It is observed that as
we increase the value of elastic constant (in fashion of arithmetic progression with common difference of SN /m?*)
the phase velocity decreases.

1 (e1537 = 35
2 (e15)F =28

1.5 —_— w3 _(ey15)F =31
A 4. (e15)F = 34

ol=a
Fig.2

Variation of dimensionless phase velocity against
dimensionless wave number for different values of
piezoelectric constant.

1.6F 3
1. (€c44)® = 25+ 10°

1.5 2. (cas)® =26 107 1
3 (c4s4)” =27 = 10°

1.4fF 4 {c44)F =28 10% 1

o= 130

1.2} Fig.3
11k Variation of dimensionless phase velocity against
o dimensionless wave number for different values of elastic

constant.

Figs. 4 and 5 represent the prominent influence of initial stress parameter of porous piezoelectric medium on
dimensional phase velocity and group velocity of SH waves respectively.

It is observed from Fig. 4 that increment in initial stress parameter decreases the dimensionless phase velocity of
SH waves. The curves of Fig. 5 signify the variation of group velocity against wave number.
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Fig.4
Variation of dimensionless phase velocity against
dimensionless wave number for different values of initial
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Fig.5
Variation of dimensionless group velocity against
dimensionless wave number for different values of initial
stress.
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The substantial influence of the thickness of the porous piezoelectric layer on the phase velocity and group
velocity has been shown through Figs. 6 and 7 respectively. There is a remarkable finding in Fig. 6 that as we
increase the value of width of the layer the dimensionless phase velocity of SH wave increases. This result may be
useful for fixing the plate (porous piezoelectric) width of sensors and seismic devices, used for seismic recording in
high-frequency range.

1.6F —_—1_h=0.10 ]

1
2.2 =0.15
1.5F 3. h=020
4. m =025
s

Fig.6

Variation of dimensionless phase velocity against
dimensionless wave number for different values of layer
width (porous piezoelectric layer).

Fig.7

Variation of dimensionless group velocity against
dimensionless wave number for different values of layer
width (porous piezoelectric layer).

Fig. 8 reveals the influence of heterogeneity parameter ( y ) associated with the heterogeneous half-space on the
dimensionless phase velocity of SH wave. It is observed that the dimensionless phase velocity decreases with
increase in the value of heterogeneity parameter (7 ).

Variation of dimensionless phase velocity against dimensionless wave number for different porous-piezoelectric
materials is shown in Fig. 9, when the layer is composed of PZT-7, PZT-5H and PZT-1 materials. The highest value
of phase velocity is found in the case of PZT-7H following the PZT-1 and PZT-5. Phase velocity is found to be
comes closer in the case of PZT-7 and PZT-5H materials

1.y =0 ]
2y =20
1.5 3.y =40
4.y = 60
1.4LF 3 21T 5.y = 80
= |= 1.3}F ]
. ] Flg..8 . . _ . .
S Variation of dimensionless phase velocity against
1.ap E——— dimensionless wave number for different values of
1.0k ] heterogeneity parameter (for lower heterogeneous half
1.0 1.5 2.0 2.5 3.0 3.5 space).
kh
.0
2.8
2.6
2.4
== 22
2.0 ——=1.PET -7 E .
1.8 —2 PZT — 5 H Flg"g . . . . .
ST ——=3.PZT —1 E Variation of dimensionless phase velocity against
1.6F 1 dimensionless wave number for different values of material
2.0 2.2 2.4 2.6 2.8 3.0 constants (porous-piezoelectric material).
kh
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From Fig.10, it can be observed that the phase velocity of the SH wave increases due to the porosity in the
piezoelectric materials. The similar effect we can find in Fig. 11. Fig. 12 represents the surface plot among the group
velocity, dimensionless wave number and width of porous piezoelectric layer.

Fig. 13 demonstrate the comparison between phase velocity and group velocity. The group velocity is found less
than the phase velocity hence we call the dispersion as ‘normal’.

3.0F
28}
A\
Ay
2.6F - —
z.af
= |2 2>.2L
2.0f Fig.10
1.8F ) ) ) Comparison of dimensionless phase velocity against
———— Posous — Piezcelacoric material . . . .
1.6F — — — -PisostesmicMareriat 1 dimensionless wave number for porous piezoelectric
s o 55 0 material and piezoelectric material.
kh
2.4 1. Porowss — Pieposlactric Material

— — — 2. Dieroslactric Matarial

Fig.11

Comparison of dimensionless phase velocity against
dimensionless wave number for porous piezoelectric
material and piezoelectric material.

Fig.12

Surface plot by taking the group velocity, dimensionless
wave number and width of porous piezoelectric layer in
three axes.

hase Velocity

Velocity

Fig.13
Comparison of dimensionless phase velocity and group
velocity against dimensionless wave number.
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8 POSSIBLE APPLICATION

Lead Zirconate Titanate (PZT) is one of the most excellent executing, cost price effective piezoelectric materials.
High piezoelectric responses depends on dense ceramics, to achieve that, porosity generally causes for reducing
mechanical and piezoelectric properties respectively. In order to minimize this problem, the Nb ions codoped with
PZT material to control the large porous microstructure. Consequently, the codoped material becomes a new crucial
applicative entrant for the vibrant applications in the field of ultrasonic transducer. Into the form of 2-phase
composite, the porous ceramic can be visualized. These ceramic materials are highly utilized because of having
more advantages such as specific electronic properties, high melting point, low thermal mass, low thermal
conductivity. The performance of this material may further be enhanced by incorporation of appropriate porosity.

Electrod

Porous Piezoelectric layer

Heterogeneous Half Space

Fig.14
(a) Single element thick film transducer.

Top Electrode
(Silver)

Active piezoelectric element
(Porous-Piezo layer)

Bottom Electrode

S e )

Substrate (heterogeneous half
space)

Backing Layer
Fig.14
(b) Multi element array transducer.

However, due to the poor acoustic coupling to the media and low hydrostatic figure of merit (FOM) so the dense
PZT-type piezo-ceramics are not suitable for these applications. That’s why the porous materials has got significant
applications in various scientific areas such as in cleanliness and filtration of molten metals, support for catalytic
reactions, high-temperature thermal insulation, and filtration of hot caustic gases in industrial window. It is also
utilized as ultrasonic transducers. Due to the generation of intense ultrasonic wave the ultrasonic transducers may be
useful for high penetration, erosion of paints, welding and also as medical diagnostic instruments. The displacement
among the atoms around the equilibrium positions starts due to the propagation of ultrasonic waves in the material.
Subsequently, the force raised due to mechanical vibrations of atoms creates stress-strain interactions inside the
typical structure of material. This wave may propagate into the form of longitudinal waves, shear waves, Rayleigh
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waves and Lamb waves. In general, the longitudinal waves are used as ultrasonic waves. In this system
displacements between two atoms of piezo-ceramic transducers are created using high frequency. The term of
transmitter or receiver is basically part of active piezoelectric element which is formed from a piezo-ceramics disk
such as 1 to 2 cm wide, where two different electrodes are created on both sides for biasing purpose. After applying
a sufficient voltage on these electrodes the depletion layer enhances due to the variation of the transducer. Here, the
mechanism of inverse piezoelectric effect takes place. In addition to this, the backing layer works to provide a
mechanical support for active element and attenuate the acoustic energy from back to back face of transducer. This
is worth to note that the backing and active layer materials should be similar impedance rates for the optimization of
transmission of the ultrasounds. To achieve this condition epoxy resins incorporated along with tungsten particles
are utilized as substances for backing layers purpose.

9 CONCLUSIONS

The influence of heterogeneity, piezoelectric constants, initial stress, layer’s width and elastic constants on the
dispersion of SH-wave in a porous piezoelectric layer overlying by a heterogeneous substrate under point source
scheme was investigated. Numerical example has been shown for three distinct types of piezoelectric materials
(namely PZT-5H, PZT-7 and PZT-1) and the influence of affecting parameters on dispersion curves were illustrated
by graphs. The outcomes of the study are as follows:

1. The phase velocity of SH-wave is found to have decreasing nature with respect to wave number

1. Influence of heterogeneity parameter, piezoelectric and elastic constants has significant impact on the phase
velocity curve.

2. In PZT-5H material phase velocity is high in comparison with PZT-1 and PZT-7.

3. Some of the results (in particular influence of layer’s width and influence of initial stress on phase velocity
and group velocity of considered wave) suggests for selection of a suitable porous piezoelectric material in
devices like transducers, rotating sensors and SAW device in order to prevent the brittle fracture.

4. Obtained result is validated by matching the obtained dispersion relation with the classical Love wave
equation.
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