/
oo Resmurch
0.00 Publishing

Open Journal of Acoustics, 2016, 6, 35-44
http://www.scirp.org/journal/oja

ISSN Online: 2162-5794

ISSN Print: 2162-5786

On Propagation of Rayleigh Type Surface Wave in
a Micropolar Piezoelectric Medium

Baljeet Singh?, Ritu Sindhu?

'Department of Mathematics, Post Graduate Government College, Chandigarh, India

*Department of Mathematics, Maharshi Dayanand University, Rohtak, India

Email: bsinghgcl l@gmail.com

How to cite this paper: Singh, B. and Sindhu,
R. (2016) On Propagation of Rayleigh Type
Surface Wave in a Micropolar Piezoelectric
Medium. Open Journal of Acoustics, 6, 35-
44,

http://dx.doi.org/10.4236/0ja.2016.64004

Received: September 12, 2016
Accepted: December 9, 2016
Published: December 12, 2016

Copyright © 2016 by authors and

Scientific Research Publishing Inc.

This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

Abstract

In the present paper, the governing equations of a linear transversely isotropic mi-
cropolar piezoelectric medium are specialized for x-z plane after using symmetry re-
lations in constitutive coefficients. These equations are solved for the general surface
wave solutions in the medium. Following radiation conditions in the half-space, the
particular solutions are obtained, which satisfy the appropriate boundary conditions
at the stress-free surface of the half-space. A secular equation for Rayleigh type surface
wave is obtained. An iteration method is applied to compute the non-dimensional
wave speed of the Rayleigh surface wave for specific material parameters. The effects
of piezoelectricity, non-dimensional frequency and non-dimensional material con-
stant, charge free surface and electrically shorted surface are shown graphically on
the wave speed of Rayleigh wave.
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1. Introduction

The materials possessing linear coupling between mechanical and electric fields are
termed as piezoelectric materials. Wave propagation in piezoelectric media has nu-
merous applications in various fields of engineering. Some problems about propagation
of plane waves in piezoelectric medium are studied by Kyame [1], Pailloux [2] and
Hruska [3]. Various other problems related to the phenomena of reflection and refrac-
tion of plane waves in piezoelectric materials are studied by Auld [4], Parton and
Kudryavtsev [5], Galassi, et al [6], Singh [7] and Sharma [8]. Recently Salah et al [9]

studied the propagation of Rayleigh waves in a functionally graded piezoelectric mate-
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rial half-space.

Eringen [10] [11] [12] introduced the micro-continuum field theories of solids with
electro-magnetic and thermal interactions. Craciun [13] formulated the basic equations
of the linear theory of piezoelectric micropolar thermoelasticity with quasi-static elec-
tric fields. Ciumasu and Vieru [14] presented the variational formulation for the free
vibration of a micropolar piezoelectric body. Zhilin [15] developed a theory of the mi-
cropolar piezoelectric materials. Iesan [16] established a uniqueness result and a recip-
rocal theorem in the linear theory of microstretch piezoelectricity. Aouadi [17] consid-
ered the linear dynamic theory of micropolar piezoelectricity and established a recip-
rocity relation with two processes at different instants. Gales [18] considered the linear
theory of micromorphic piezoelectricity and formulated the initial boundary value
problem and presented some uniqueness results. Chen [19] derived the linear constitu-
tive equations for micropolar electromagnetic elastic solids.

The propagation of surface waves in a transversely isotropic micropolar piezoelectric
medium is not attempted so far. Following Aouadi [17], the governing equations for a
transversely isotropic micropolar piezoelectric medium are formulated in x-z plane and
are solved for possible surface waves. After considering the required radiation condi-
tions in half-space and boundary conditions at free surface, a secular equation for
non-dimensional wave speed of Rayleigh surface wave is obtained. The dependence of
non-dimensional wave speed on frequency, material constants and electric field is

shown graphically.

2. Governing Equations and Solution

We consider a homogeneous and transversely isotropic micropolar piezoelectric half
space. We take the origin of the coordinate system on the free surface and the positive z
axis along the normal into the half-space (Z 2 0). We assume the components of the
displacement and microrotation vectors of the form U= (ul,O, u3) and @= (0,(02,0).
Using symmetry relations in the coefficients, the governing equations given in

Aouadi [17] are specialized for x-z plane in the following from after a lengthy calcu-

lation
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where A, Az Ag, Agi Aser Beg s Aisi Asrs Aags By Pas s V11 Va3 @re constitutive coefficients.
K= A= A5, Ky = A = A 2 = K, = K,

We seek the surface wave solution of Equations (1) to (4) in the following form

36

K
0:52: Scientific Research Publishing



B. Singh, R. Sindhu

{ullusv(/’ZvV/} = {E(Z),E(Z),JZ(Z),;(Z)} glk(x-at) (5)

Making use of Equation (5) in Equations (1) to (4) and applying the radiation condi-
tions u, >0, u;, >0, ¢, >0, ¥ >0 as Z—>00, we obtain the following par-
ticular solutions in half-space

U :(Aie*mlz +A2e—mzz + Ase—m3z + AAe—mﬂ)eik(x—ct) (6)

Uz = (§1A&E’W‘11 AR 4 CAET™ AR )eik(x—ct) @)
@, = (’71A16’m12 i, A ™ 417, A ™ 4, A ™ )eik(x—ct) ®)
v = (§1AE’WZ +§2A2e*mzz + §3A387m32 + §4A487m“z )eik(x—ct) (9)

where the expressions for coupling coefficients &, &, 7, (i =1,2,3, 4) and the relations
between m, (i =123, 4) are given in Appendix.
3. Boundary Conditions

The appropriate boundary conditions at z =0 are vanishing of normal and tangential

force stress components, tangential couple stress component

053, =0, 05y =0, my, =0, (10)
And vanishing of electric displacement component or electric potential
D, =0 (for charge free case) or ¥ =0 (for electrically shorted case), (11)
where

O35 = AUy + Ayl 3 — Agl s — Agg/ 5,
O3 = Agls; + AUy +(Ase - Ass)% — AWy~ s 3

My, = Bss5— B 5 ,

Dy = AUy + AggUs s + Bas o 3 + Va3l 5-

4. Secular Equations

The particular solutions (6) to (9) satisfy the boundary conditions (10) and (11) at the

free surface z=0 and we obtain the following secular equation
ABIC;D; - ABC;D; - ABIC;D; + ABC;D;
+ABICID; - A'BCID; - ABICID; + ABC;D;
+A,B;C,D, - A,B;C,D; - A,B,C/D; + A,B,C; Dy
+ABC;D; - ABIC;D; - ABICID; + ABC;D;]
+AB;C;D; - A/B,C,D - A|B;C,D; + AB,C;D;
+A'BICD; - ABSC;D; ~ AIBC/D; + ABIC;D; =0

(12)

where

A =ikA; -m A +mE (ﬂ:«xs _%]'(i =123, 4)
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B =ikgi A —M A +(Ase _A55)77i — AlK&;,
Cl' = M& By — M7, B,

D, =ikAg —M{i A =M1 fog —ME 7 (for charge free case),
Or D =¢& (for electrically shorted).

5. Particular Cases

a) The secular Equation (12) reduces for a transversely isotropic micropolar elastic

case when
A3 =0, A5 =0, 45, =0, 45 =0, B35 =0, 753 =0, 5, =0.

b) The secular Equation (12) reduces for a transversely isotropic piezoelectric case

when
K=K, =K=0, A, =C,, Ay =C33! As = Ay = Ay =Cy, As =C13! Bss = By =0.

6. Numerical Results and Discussion

For numerical computation of non-dimensional wave speed of Rayleigh wave, the fol-
lowing relevant physical constants of a transversely isotropic micropolar piezoelectric

material are considered
A, =17.8x10° N-m?, A, =1843x10" N-m?, A,=759x10" N-m?,
A, =1.89x10° N-m™?, A, =4357x10" N-m?, A, =4.42x10" Nm~,
As =1.99x10° N-m™, B, =0.278x10° N, B, =0.268x10° N,
As=37C-m? 1, =12C-m?, A,=133C-m? A,=023C-m?
B, =0.0001C, p, =0.0002C, p,=0.000852C* -N*-m?,
75 =0.000287 C*-N'-m?, p=174x10*kg-m>, j=0.196m’

For above physical constants and by using a Fortran program of Iteration method,

the secular Equation (12) is solved numerically to obtain the non-dimensional speed
2

—— for certain ranges of non-dimensional frequency and non-dimensional
3

constant.
pc?
The variation of non-dimensional speed ,|[~—— against non-dimensional frequency
3

{a)* - a)z/(,jjj} are shown graphically in Figure 1 for charge free (CF) and
electrically shorted (ES) cases. For CF case, the value of speed at ® =25 is1.5109. It
decreases to a value 1.4907 at @ =10. This variation is shown by solid line in Figure
1. For ES case, the value of speed at ® =25 is0.8036. It decreases to value 0.5991 at
@ =10. This variation is shown by dotted line in Figure 1. Comparing the solid and
dotted lines in Figure 1, we can observe the effect of charge free surface over electrically
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Figure 1. Variation of non-dimensional speed Lo against non-dimensional frequency

3

{w* = a)z/(lj} for charge free (CF) and electrically shorted (ES) cases.
i
shorted surface on non-dimensional speed of the Rayleigh wave in a transversely iso-

tropic micropolar piezoelectric solid half-space.
2

C
The variation of non-dimensional speed £ is shown graphically in Figure 2
3

against non-dimensional frequency {a)* = a)z/[/fjj} for charge free (CF) case to
observe the piezoelectric effects. The variation non-dimensional speed as shown by
solid line (transversely isotropic micropolar piezoelectric case) in Figure 2 is same as
shown in Figure 1. For transversely isotropic micropolar case, the variation of
non-dimensional speed is shown by dotted line in Figure 2. It has value 2.2224 at
® =25 and it increases to value 2.8541 at ® =10. The comparison of solid and
dotted lines in Figure 2 shows the piezoelectric effect on non-dimensional speed of
Rayleigh wave in a transversely isotropic micropolar piezoelectric solid half-space with

charge free surface.
2

C
The variation of non-dimensional speed £ is shown graphically in Figure 3
3

against non-dimensional constant {i] for charge free (CF) case when o =5,10
3
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Figure 2. Piezoelectric effect on non-dimensional speed LLR against non-dimensional fre-

3
quency {a)* = a)z/ [ZJ]} for charge free (CF) case.
P
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Figure 3. Variation of non-dimensional speed against non-dimensional constant (A“J

3

for charge free (CF) case when ® =510 and 15.

Ay

and 15. For @ =5, the non-dimensional speed is 0.9541 at —L =2 It decreases to

3
i =3 and then it increases to a maximum value 0.9642
3

its minimum value 0.9010 at
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at i:lO. For @ =10, the non-dimensional speed is 0.9559 at i:2. It de-
3 3

A

—L =3 and then it increases to value 0.9499 at
3

creases to its minimum value 0.9043 at

Au A

—2L -10. For @ =15, the non-dimensional speed is 0.9567 at —L =2 It decreases
3 3

Ay

to its minimum value 0.9057 at —==3 and then it increases to value 0.9472 at

3

i:10. The comparison of solid (w" =5), dotted (@ =10 and dotted with star
3

(@ =15) lines in Figure 3 show the effect of non-dimensional frequency and

non-dimensional material constant on non-dimensional speed of Rayleigh wave in a

transversely isotropic micropolar piezoelectric solid half-space with charge free surface.

7. Conclusion

Using symmetry relations in constitutive coefficients and assuming the components of
the displacement and microrotation vectors in the form U= (u1,0, u3) and
Q= (0, (pz,O) , the governing equations given in Aouadi [17] are derived as a special
case for transversely isotropic micropolar piezoelectric medium in x-z plane. Rayleigh
type surface wave is studied in this medium. A secular equation for non-dimensional
speed of Rayleigh wave is obtained. Using Fortran program of Iteration method, the
secular equation is solved numerically. The values of non-dimensional wave speed of
the Rayleigh wave are obtained for a specific material modelling the medium. The non-
dimensional wave speed is shown graphically against the non-dimensional frequency
and the non-dimensional material constant. From theory and numerical discussion, the
effects of piezoelectricity, charge free surface, electrically shorted surface, non-dimensional
frequency and non-dimensional material constant are observed on non-dimensional

wave speed.
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Nomenclature

U: the displacement vector.
@ : the microrotation vector.
p : the mass density.
j : the micro-inertia.
w : the electrostatic potential.
k : the wave number.
C: the phase velocity of the wave.
= kc : the angular frequency.
o;; : the force stress tensor.
mj; : the couple stress tensor.
&.Cm; (i =123, 4) : the coupling coefficients.
Appendix
The relations between M;,(i=1,2,3,4) are given as
m’+mZ +m2+m; =S,
mZm; +mim; +mim; +mim? =S,,
mZmimZ + mZmem; +mimzm? =S,
m’mZmim? =S,
S = |:k2 (A33A557’33P + Ay AssBos 211 + AP A + AgBryssN + AgN 5 + LA By sy + LA g
+L86623‘23 — Bger3sM = ﬁszeM “+ A33BesR2 + 2R Ass raPas + 2 A5 Beg Asg s — ZMBseﬂssR)
—K? Ay = KA | /(Ao AeBisss + s A Bl + AsBis A )
S, = [k4 (Ass Bes7uN + A Ass 71, P + A33A55ﬂ124 + Asg733NP + Ay g5 LP + B ygs LN + LN :3326 + Ay Bseﬂizs
+ AggLP + ABgg i L+ AgPR? + B NR® = Bgo 73, M ? = 13, PM? + 2A0 B, Bos L+ 2 A5 B, Bos N
+ 2 A5 A3 s P + 2Bgs s usL =28, M * = 2B L, MR — 2233MPR) -k? (A33,7/11K12 + A a3
+ 75aNKY + 22554 K = 275, MK K, = 225,RK K, ):|/( Ay AssBis 733 + Ay Ass s + AssBos Ay )v
Sy = [kﬁ (A55711NP + AN + By LN + Ay LP + Ay B, L+ 73, LNP + A AP + B AL
~7uM?P = BEM? + PRN + 23, By LN + 225, 4,5 LP — ZAASMPR) ~k* ('%5711K22 +75LK3
+7uNKY + 25KE + KIR? = 2K K, 7, M ~ 2K1K215R):|/(A33A55866733 + A Ay s + AssBeeﬂ'szs)
S, = |:k8 (711LNP + B LN + /1125LP)_ k® (711LK22 ):|/(A33A.)5866733 + Ay A g + '%5866/1323)

L= (A0 M = (A A ) N = (A=),
P=(B77—pjc2+%) R = (s + Ay

and
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. m? . m,
p; :(lKZA\%F—lKZL—lMKlFJ,

2
m? m? m?
g = (ﬂss?‘ﬂuj +[}/33F_7MJ[BGGK_2_P] ,

m, m, mi3
fi :£RK2 T_/llSKl?-'_/’lSSKlFJ’

m, m, m?
Si = [NK]_?— MKZ ?— A33K1FJ,

; :{_iKz [ﬂse %‘ﬂu}‘(%s%_ﬂmJ(Bee %_ P]},

m; miz Lo m; mi2 mi2
_?Kl[ﬁ%k_z_ﬂu]’ Vi :IR?(BGGF_PJI Wi :[Assk—2—L].
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