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Abstract

The problem of multiple arbitrarily oriented planar cracks in an
infinite magnetoelectroelastic space under dynamic loadings is con-
sidered. An explicit solution to the problem is given in the Laplace
transform domain in terms of suitable exponential Fourier integral
representations. The unknown functions in the Fourier integrals are
directly related to the Laplace transform of the jumps in the displace-
ments, electric potential and magnetic potential across opposite crack
faces and are to be determined by solving a system of hypersingu-
lar integral equations. Once the hypersingular integral equations are
solved, the displacements, electric potential, magnetic potential and
other quantities of interest such as the crack tip intensity factors may
be easily computed in the Laplace transform domain and recovered in
the physical space with the help of a suitable algorithm for inverting
Laplace transforms.
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1 Introduction

In recent years, there has been considerable interest in the analysis of cracks
in magnetoelectroelastic solids. Most of the analytic or semi-analytic so-
lutions for magnetoelectroelastic cracks are for static loadings and specific
crack configurations. For example, Wang and Mai [12] had considered a sin-
gle planar crack in magnetoelectroelastic solids and Gao et al [5], Li and Lee
[9] and Zhong [15] had derived solutions for collinear cracks.

It appears that there are relatively few solutions of magnetoelectroelasto-
dynamic crack problems especially for inplane deformations. Li [8] reduced
the solution of a dynamic problem of a single permeable planar crack in
an infinite transversely isotropic magnetoelectroelastic material under pure
electric load and antiplane deformations to solving a Fredholm integral so-
lution of the second kind in the Laplace transform domain. Using Laplace
and Fourier transforms, Zhong et al [16]-[17] had obtained solutions for a
single planar crack and a pair of coplanar cracks in an infinite magnetoelec-
troelastic space under impact loadings. Rojas-Diaz et al [10] and Wiinsche
et al [14] had presented hypersingular traction boundary element solutions
for dynamic planar cracks in a magnetoelectroelastic solid under inplane de-
formations. The boundary element approach requires the derivation of fun-
damental solutions for the governing partial equations. For static problems,
the fundamental solution is given in terms of simple elementary functions
(Hong and Chen [6] and Chen and Hong [4]). Nevertheless, the fundamen-
tal solution for dynamic problems is rather complicated to derive, as it is
expressed in terms of a line integral over a unit circle with integrand in the
form of exponential integrals (Wang and Zhang [13]).

In the current paper, a semi-analytic solution is given for an arbitrary
number of arbitrarily oriented planar cracks in a magnetoelectroelastic full-
space under dynamic loadings. The cracks are assumed to open up by inter-

nal stresses and are either electrically impermeable or permeable and either



magnetically impermeable or permeable. The displacements, electric poten-
tial and magnetic potential in the Laplace transform domain are expressed in
terms of suitably constructed exponential Fourier transform representations.
The Fourier integrals contain unknown functions that are directly related
to the jumps in the Laplace transforms of the displacements, electrical po-
tential and magnetic potential across opposite crack faces. The unknown
functions are to be determined by solving a system of hypersingular integral
equations. Once they are determined, the displacements, electric potential,
magnetic potential and other physical quantities of interest, such as the crack
tip stress and electric displacement intensity factors, may be easily computed
in the Laplace transform domain and recovered in the physical space by using
a suitable algorithm for inverting Laplace transforms. The crack tip stress,
electric displacement and magnetic induction intensity factors are computed
for some specific cases of the problem. For cases involving a single planar
crack and two coplanar cracks, the values of the stress, electric displacement
and magnetic induction intensity factors computed are compared with those

in the literature.

2 A magnetoelectroelastic crack problem

With reference to an Oz1x,x3 Cartesian coordinate system, consider an infi-
nite magnetoelectroelastic space with Ny arbitrarily oriented non-intersecting
planar cracks with geometries that do not change along the =3 axis. The

cracks are denoted by T'™, T ... TWo—1) and I'™)  The n-th planar

crack I'™ (as sketched in Figure 1) lies in the region

—M < ayf)(:cj — an)) < /™), agg)(:cj — cg-")) =0, —co<m3<oo, (1)

where
sin(0™) cos(A™) 0
[az(;l)] = | —cos(d™) sin(6™) 0 (2)
0 01



Note that the Einstenian convention of summing over a repeated index holds

here for lowercase Latin subscripts from 1 to 3.

X1

Figure 1: Parameters defining the n-th crack '™,

The displacements wu;, electric potential ¢ and magnetic potential ¢ and
the corresponding stresses 0;;, electric displacements d; and magnetic induc-
tions b; in the magnetoelectroelastic space are assumed to be independent of
the x5 coordinate.

The cracks are assumed to open up under the action of suitably prescribed

internal tractions, that is,

Ukj(xlax2>t)m§n) - _Plgn)(glagbt) (k = 17273)
as (1131,1'2) - (§1>€2) € F(n)(n - 1a2> e aN0)> (3)
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The electric and magnetic conditions on the cracks are given by either

dj($17$27t)m§n) - _Pén)<£17£27t)
as (1131,1'2) - (§1>€2) € F(n)(n = 1a2> e ’NO)

if the cracks are electrically impermeable, (4)

or
AQb(l’l,Zlfg,t) — 0 as (1'1,!132) - (§17§2) € F(n) (’I’L - ]-a 27 e aNO)
if the cracks are electrically permeable, (5)
and either
b aa thm” — —PV(.6,1)

as (1131,1132) - (§17§2) € F(n)(n = 1a 2a e >N0)

if the cracks are magnetically impermeable,  (6)
or

A@(xbx%t) — 0 as (1'1,1'2) - (€1a€2) € F(n) (n = 1>2a T >N0)

if the cracks are magnetically permeable, (7)

where PI" (€1, 65, 8), Py (€1,65.), P (60,65, ), PY(60,60.1), PV(61,601)
are suitably prescribed functions for (¢,,&,) € T(™, m§”) = —ag ) are the com-
ponents of a unit magnitude normal vector to the crack I'™ and A¢(x1, x5)
and Ap(zq, x2) respectively denote the jump in the electrical potential ¢ and

magnetic potential ¢ across the crack I'™ as defined by

A1, w2,t) = limlg(ar — |e|mi” vy — |e|my” 1)
— (1 + [elm”, z2 + [elms”, 1))
for (1, 24) € T™.



Ap(ar,aa,t) = limlp(r — |elm{”, ws — |e|m§”, 1)
—g(x1 + |em{"”, 25 + |e|m$” 1))
fOI' (,]}1’,]}2) c P(n) (8)

Furthermore, it is required that the displacements u; and its first order par-

tial derivative with respect to time are both zero at time ¢ = 0 and that

0ij(T1, T, t), di(x1, T, t) and b;(x1, xa,t) vanish as 27 + 23 tends to infinity.

The governing partial differential equations for plane magnetoelectroelas-

tostatic problems involving a homogeneous solid are given (in compact form)

by

with

0PUx 02Uy
CIJKéaxjal’g IK Ot2 ( ) 737 75)7 (9)
u; for J=j=1,2,3,
Uj=< ¢ forJ=4,
¢ for J =5,

([ ciywe for I=i=1,23and K =k =1,2,3,
esj forl=1=1,2,3 and K =4,
hyj for I =i¢=1,2,3 and K = 5,
ejre forl=4and K =k=1,2,3,
Crike = —kKjp forl=4and K =4,
—Bj, forI=4and K =5,
hjge for I =5and K =k=1,2,3,
—B;, forI=5and K =4,

( —jp, forI=5and K =35,
| p iftI=KandI#45
Bux = { 0 otherwise. (10)

where ¢ijre, €sij,kiey heijy By and 7, are the constant elastic moduli (N/m?),

piezoelectric coefficient (C/m?), dielectric coefficient (C?/Nm?), piezomag-

netic coefficient (N/Am), magnetoelectric coefficient (Ns/VC) and magnetic-

permeability coefficient (Ns?/C?) respectively and p is the density (kg/m?),
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uppercase Latin subscripts (such as I and K') have values 1, 2, 3, 4 and 5,
and the Einsteinian convention of summing over a repeated is also assumed
for uppercase Latin subscripts.

If the generalized stresses Sy; are defined by

05 fOfI:i:1,2,3,
S[j = dj for I = 4, (11)
b; for I =75,

then the linear constitutive equations for magnetoelectroelasticity are given

by
oUk

(9934 .
Application of the Laplace transformation on (9) together with the initial

S]j = C[ng (12)

conditions stated below (8) gives

02Uk .
CIjKZaxjaxz — §*BixUg(21,20,5) =0 (I =1,2,3,4,5), (13)

where (/jK(ZL‘l, T9,s) denotes the Laplace transform of Uk (x1,x9,t) and s is
the Laplace transform parameter (assumed to be real here).

The problem of interest is to solve the partial differential equations (13)
subject to the Laplace transforms of the boundary conditions (3)-(7) and the
far-field conditions stated below (8).

3 Solution in Laplace transform domain

Extending the analysis in Ang and Athanasius [2] for the electroelastody-
namic analysis of multiple planar cracks in a piezoelectric space to the mag-
netoelectroelastic crack problem in Section 2, we find that the magnetoelec-

troelastic fields in the Laplace transform domain may be expressed in terms



of exponential Fourier integrals as given by

[71((361, 51327 S)

- ZRe{Z / A€, H (@ (x, — &) ME(E, e o)

xexp(za (€, s)aly)) (@; — ™))
+H(—aly) (2, — M) MID(E, )T (€, 5)
x exp(—i¢(al] +T<“><5 s)aly))(a; — \))de}, (14)

and

Sfj(xla x2, S)

- ZRe{Z et - dmmiie v e

xexp<£<§ (€, s)aly)) (z; — M)
H(—a(z, cm)M (&) T (€, 5)
(S + 7, 5)aly) (x; — 7)) de}. (15)

X exp(—1

where i = \/—1, the overhead bar denotes the complex conjugate of a complex
number, §Ij(931,:£2, s) is the Laplace transform of Sp;(z1,z2,t), H(z) is the
unit-step Heaviside function, 7‘&”)(5 ,8) (n =1, 2, ---, Np) are roots, with
positive imaginary parts, of the 10-th order polynomial equation (in 7) given
by

2

det[f 5 Bri + (agl) + Ta12 ) Cnr1

+(aSy) + 7a$y) (@Y + 7aly) (Crigs + Crax1)

(@ + 7aS))?Crage] = 0, (16)



A%; (&,5) (n=1,2,---, Np) are non-trivial solutions of the system

2

S n n
[?BIK + (@ + 7, 8)alP) 2O
(@) + 7€ 8)as) (@87 + 7€, 8)al?) (Crigs + Crax)
Hal? + 7(¢, $)alD )2 Crara) AT = 0, (17)
Lgi(f s) are given by
LY(Es) = (@ +7(E, 8)als) Crim
(a5 + (¢, 5)asn)) Crirea) A (18)

MC(}’ (€, s) are defined by
Zm ngla MS}?(&,S) :51P (n: 1727'” 7N0)7 (19)

0rp is the kronecker-delta and ¢§§L)(§ ,§) are given by

p(n)

(;J) (&,s) = z’TI(;f]) (&, s) / rgn) (v, s) exp(—i&v)dv, (20)
o)
with T 1(37}) (&, s) being implictly defined by

5

i S IAW (€, )MID(E, 5) — Aa (€, ) Mop(E, )TN (E5) = dxsr (21)

a=1
and T(Jn)(v, s) being related to the Laplace transform of the generalized crack
opening displacement AUk (x1, x2,t) by
n n n 1 =
@) (@ — ), s) = —AUk (21,22, 5)

for — (™ < ayf) (z; — cgn)) < /™) ag)(xj — cg-n)) =0.(22)



For electrically and magnetically impermeable cracks with conditions
given by (4) and (6), the functions TS") (v,s) are determined by solving the
hypersingular integral equations

1

du + (1 /K)(é(q)u,s)ngl)((u,v,s)du

-1

1 D(q (E(q U, S)
(@ (v — u)?
e

1
+ (@) ][ S2G%)(T§§) (E( u ,S) cosh( |v — ul) ln(ﬁ(q nlv — u|)du

-1

+ Zﬁ / ", )01 (u, v, s)du

nsﬁq -1
= —P(X{"(v), X{"(v), ) (I = 1,2,3,4,5)
for —1<v<1(¢g=1,2,---,Ny), (23)

where X (v) = {2 4@y sin(09), X (v) = 5P — 0@y cos(09), § denotes
that the integral is to be interpreted in the Cauchy principal sense and f
denotes that the integral is to be interpreted in the Hadamard finite-part

sense, D%& and G%)( are given by

DW = lim TiP(s
IK (£/5)—o00 IK(& )
39
Gk = Jm CPITREs) - DR . (24)

and ngl)((u, v, s) and @ﬁ’}?) (u,v,s) are respectively defined by

U uv,) = — [EWIE s)cos(telo — ul)g

—SQG(Q) [Shi(ﬁ(‘”mv — ul) sinh(ﬂ(‘nmv — ul)

1
—3 cosh(¢“nlv — u|)(Ei(¢ Do — ul) — By (¢Dn|v — ul))
+ cosh(ﬂ(q nlv — ul) 1n(€ 9) nlv — ul)], (25)
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and

5 o0
O (u,v,5) = —Re(Y / em® HYL (u,0))
0

+H(=Y;™ (u,0)) L (€, 5) Mup(E. )
x exp(ieT (€, 5) V5" (u, v))]
xTE(E, 3) exp(i€Y, ™ (u, v))d€ }

if it is assumed that Y™ (u,v) £ 0,  (26)

with V3™ (u,0) = aj) (X (v) = ")) = €008,u, Wi (&, 5) given by

(@) (@) W  $GY
WIK(§>5):TIK(€>5)_DIK_€2+n2 (n>0), (27)

and Shi(u), Ei(u) and Fj(u) being special functions defined by

Shi(u) = / Sin};<x)dx, Fi(u) = — ]O[o @d% By (u) = 7%;%3:.

(28)
The expressions for O\"? (u, v, s)as given in (26) are valid for Y,"? (u, v) #
0. If V3" (u,v) = 0 then (26) has to be modified accordingly, that is,

. D i — s
O (u,v,5) = Rel s (oo / EWHD(E, ) exp(i€V" (u, v)) d
1 9

— G [Shi(n| Y™ (u, v)|) sinh (p] V" (u, v)])
1 n
— cosh(n]Y{" (u, v)])
x (Ei(n] Y™ (u,0)]) — By V" (u, 0)]))
—l—igsgn(Yl("q) u,v))
x (cosh(n| Y, (u, v)]) — sinh (Y, (u, v)|))] }
if Y, (u, v) = 0, (29)
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where sgn(z) denotes the sign of = and

D" —  lim T"(¢,s),
IK (g/s)ﬂoo IK (f )
T0(€,s) = Zm TLY) (€, )MIP(E, ) TIR(E, ),
~(n . 5 n =(n
G = lim (2)TP(Es) — DY
(&/s)—00 S
0 ~ ~0 SQ@(”Q)
Wil (6s) = Tl (65) = DIt = 5 1> 0. (30

If all the cracks are electrically permeable then (5) implies that TELQ) (w) =0
and the hypersingular integral equation in (23) given by I = 4 may be dis-
carded. Similarly, if all the cracks are magnetically permeable, we may take

9 — 0 and disregard the hypersingular integral equation in (23) given by
I = 5. Thus, if all the cracks are both electrically and magnetically perme-
able, we only have to determine r\? (v), ri? (v) and ri? (v) by solving (23) for
I given by 1, 2 and 3 only.

The collocation technique in Kaya and Erdogan [7] may be used to solve
approximately the hypersingular integral equations in (23) by making the

approximations

J

1 : .
T%)(W(q)wﬁ“) =~V 1—u? ngj)(s)U(J’l)(u) for —1<u<l, (31)
j=1

where UU)(z) = sin([j + 1] arccos(x))/ sin(arccos(x)) is the j? order Cheby-
shev polynomial of the second kind and wglj )(s) are unknown coefficients.
Substitution of (31) into (23) yields a system of linear algebraic equations
which can be used to determine w&?j )(s) for any fixed value of s. Details on

how the linear algebraic equations may be set up may be found in Athanasius,
Ang and Sridhar [3].
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4 Generalized stress intensity factors

The dynamic stress, electric displacement, magnetic induction intensity fac-
tors at the tips (X\™(£1), X" (£1)) of the n-th crack I'™ are defined by
Ki(X]" (1), X (£1),1)
=l (/22000 (u F 1)(S) (X (w), X7 (u), )m”

S0, (X (), X5 (w), tymSym ™

K (XM (£1), X{(£1), )

=l (/22000 (u F 1)) (X (w), X5 (u). )mg”

— Sy (X (), X5 (w), ym ™ ym "

K (X{" (1), X5V (+1), 1)
=T A2000 (uF 1) Sy, (X (), X (), m”,

K (XM (1), XS (£1), )
= lim /2200 (uF 1)Sy(X{ (u), X5 (u), t)m'"

u—1%

Ky (XM (41), X5V (£1), 1)

= lim [ 200 (u F 1) 855 (X (u), X5 (u), t)m". (32)

Once the coefficients wglj )(5) in (31) are determined, the above intensity

factors may be approximately calculated in the Laplace transform domain

by using

> n n 1 n n n n
Ky (X7 (1), X5 (1),5) = —=—=(D{Pm"” + D{m{")

V™)

J
X ngfj)(s)U(j_l)(j:l),
=1

13



ey n n 1 n n n
KX (£1), X{P(£1),5) ~ ——(Dm” — D{m{™)

o)
J .
X ng”)(s)U(j_l)(jzl),
j=1
) J
K (XM (1), XM (41 $) UV (%1
III( 1 ( )> 2 ( )>5) ﬁ(n Z ( )

J

Z 0 (s)UUD (1),

=1

K (XM (1), X5V (£1), 5) ~

J
Ky (XM (£1), XV (1), 5) ~ Zw’” (s)UUD(£1).  (33)

E(n

As in Ang [1], the intensity factors at any time ¢ > 0 may be recovered
by using the numerical Laplace transform algorithm in Stehfest [11], that is,

by using the formula

~ Z 7 nln (34)

where F(s) denotes the Laplace transform of F(t), M is a positive integer

and
min(n, M) M l
B AT m™ (2m)!
Va=(-1) Z (M —m)!m!(m — 1D)!(n —m)!(2m — n)!’ (35)
m=[(n+1)/2]

with [r] denoting the integer part of the real number 7.

5 Specific problems

In this section, the dynamic generalized stress intensity factors are computed
for specific cases of the magnetoelectroelastic crack problem in Section 2. For

the cases of a single planar crack and a pair of coplanar cracks, the stress
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intensity factors computed here are compared with those published in the
literature.
For all the specific problems considered below, the constitutive equations

for the magnetoelectroelastic space are given by

011 A F N 0 0 0 Y11
099 F C F 0 0 0 Y22
033 . N F A 0 0 0 Y33
039 - 0 0 0 L 0 0 2759
031 0 0 0 0 3(A-N) 0 2731
012 0 0 0 O 0 L 2719
0 €9 0 0 hg 0
0 €3 0 El 0 hg 0 Hl
0 €9 0 0 hQ 0
— E2 - H2 )
0 0 €1 E 0 0 hl H
0 0 0 3 0 0 0 3
€1 0 0 hl 0 0
Y11
D, 00 0 00 ¢ T2
Dy | = e es 2 0 0 0 27;;
D3 0 0 0 e 0 O %y
2719
€1 0 0 E1 61 0 0 H1
+ 0 €9 0 E2 + 0 52 0 Hg s
0 0 €1 E3 0 0 61 H3
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Y11

B 0 0 0 0 0 h V22
By | = | hy hs by 0 0 0 27;;
Bs 0 0 0 h 0 0 <
27912
B, 0 0 E, v 0 0 H,
+1 0 B, 0 B |+| 0 4 0 H, |,
0 0 5 Ey 0 0 m Hj

where 2, ; = Ouy./0x; + Ou;/Oxy, B = —0¢/0r, and Hy = —0p/0xy. Note
that 743 = 0, E3 = 0 and H3 = 0 here since uy, ¢ and ¢ are independent of
xs3.

The constitutive equations above are for magnetoelectroelastic materials
with particular symmetries and may be recovered as special cases from the
more general equations in (12) by taking non-zero coefficients Cr;k, to be
given by

Crinn = C3s33 = A, Crizg = C311 = N, Cogge = C,

Crize = Caa11 = Cogsz = U330 = F,

Cr212 = Ca112 = Co121 = Clza1 = Ca393 = C3293 = U337 = C330 = L,

Ciz13 = C3113 = C3131 = Ci331 = %(A — N),

Cora1 = Crag1 = O3 = C343 = Cayo1 = Cunio = Cuzzo = Clzoz = ey,

Chia2 = C3342 = Cyo11 = Cyaz3 = €3,

Coza2 = Cyzaz = €3, Cyia1 = Cyzaz = —€1, Cpagr = —é€3,

Cais1 = Clas1 = Csas3 = Cazs3 = Cs121 = Cs112 = CUszza = Cza3 = Iy,

Chisa = C3352 = Csa11 = Ca33 = ha,

Cazsa = Cs22 = h3, Cuis51 = Cuzsz3 = Cs141 = Csa3 = — 1,

Cazs2 = Cs2a2 = — 5, Cs151 = Cs353 = —71, Csas2 = —7a.

For the purpose of obtaining numerical values of the generalized stress in-

tensity factors, we use the magnetoelectroelastic coefficients for the material
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BaTiO3—CoFes Oy, given in SI units by

A=226x10"" N =11.7x10"° F=125x 10", C =21.6 x 10", L = 4.4 x 10'°,
e1 =058, e =—2.2, e3 = 9.3, hy = 275, hy = 290.2, hg = 350,

€ =56.4x1071% ¢ =63.5x 1071°, 3, = 5.367 x 1072, B, = 2737.5 x 1072,

v, =297 x 107, ~, =83.5 x 107

Problem 1. Take a single horizontal crack with crack tips (—a,0) and
(a,0). The crack is electrically and magnetically impermeable. The only
non-zero load on the crack faces are given by Sys = —H (t)og, where oq is a
given positive constant.

In Figures 2, 3 and 4, the non-dimensionalized intensity factors K /(og\/a),
esKry /(ea00v/a) and h3 Ky /(v,004/a), calculated by using M = 4 in (34) and
J =10 in (31), are plotted against the non-dimensionalized time t\/m
and compared with the values given in Rojas-Diaz et al [10]. Although there
is a discernible difference between the plots for the generalized stress inten-
sity factors computed here and those in [10], they exhibit the same general

trends and reach the peak values at about the same time.
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Figure 2: Plots of K;/(0g+v/a) against the non-dimensionalized time

t\/L/(pa?) .
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Figure 3: Plots of e3 Ky /(€200+/a) against the non-dimensionalized time

t\/L/(pa?) .
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Figure 4: Plots of h3 Ky /(7,00y/a) against the non-dimensionalized time

t\/L/(pa?) .

Problem 2. Consider a pair of electrically and magnetically permeable
coplanar cracks, each of length 2a, as shown in Figure 5. The distance
between the inner tips of the cracks is 2d. The uniform tractions acting on
the crack faces are given by Sy = —H (t)og,where o¢ is a given positive

constant.
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Figure 5: A pair of coplanar cracks.

For d/a = 0.2, the non-dimensionalized stress intensity factor K;/(og\/a)
at the inner and outer tips of the cracks calculated here are plotted against
t\/L/(pa?) and compared with the results in Zhong et al [17] in Figure 6.
Over a significantly large interval of time, there is a close agreement between

the values computed here and the ones given in [17].
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Figure 6: Plots of K/(0¢v/a) against the non-dimensionalized time
t\/L/(pa?) .
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Figure 7: Plots of K/(0¢v/a) against the non-dimensionalized time

tv/L/(pa?)at inner and outer crack tips for selected values of d/a.
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Figure 8: Plots of e3 Ky /(€200+/a) against the non-dimensionalized time

tv/L/(pa?)at inner and outer crack tips for selected values of d/a.

To examine how the distance separating the inner crack tips may affect the
behaviors of the cracks, plots of the non-dimensionalized generalized stress
intensity factors K/(cov/a), esKy/(eaoov/a) and h3Ky /(v400v/a) at the
inner and outer crack tips against the non-dimensionalized time tm
are given for d/a = 0.2, 0.50 and 1.0 in Figures 7, 8 and 9. In each of the
plots, the generalized stress intensity factor increases rapidly to a peak value
before settling down to the corresponding static value. The peak value of the
intensity factor at the inner crack tip is larger than that at the outer tip. It

appears that decreasing d/a has the effect of increasing the intensity factors.
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Figure 9: Plots of h3 Ky /(7,00y/a) against the non-dimensionalized time

tv/L/(pa?)at inner and outer crack tips for selected values of d/a.
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Figure 10: Two parallel cracks of equal length.
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Problem 3. Consider two parallel equal length planar cracks as sketched
in Figure 10. The half length of each crack is given by a. The centers of the
cracks lie on a vertical line and are separated by a distance denoted by d. The
cracks are electrically and magnetically impermeable. The non-zero constant
loads acting on the crack faces are given by Sss = —H (t)og, Sy = —H (t) Do
and Sy = —H (t) By, with oo, Dy and By being positive constants such that
00/Dy =10 NC™! and /By = 10® Am™.

For d/a = 3.0, 5.0 and 10.0, plots of the non-dimensionalized gener-
alized stress intensity factors K;/(oov/a), Ki1/(cov/a), Kpv/(Dgy/a) and
Ky /(Boy/a) against the non-dimensionalized time ¢/L/(pa?) are given in
Figures 11, 12, 13 and 14 respectively.
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Figure 11: Plots of K7/(0¢v/a) against the non- dimensionalized time for

selected values of d/a.
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Figure 12: Plots of K;;/(09+/a) against the non-dimensionalized time for

selected values of d/a.

Ky /(Dova)
(=]
o
un

tyL/(pa®)
Fiugure 13: Plots of Ky /(Dg+/a) against the non- dimensionalized time for

selected values of d/a.
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In Figure 11, for a given d/a, the non-dimensionalized stress intensity
factor K;/(0gv/a) rises to a peak (maximum) value and then drops to a
trough (mininum) value before gradually settling down to approach its static
value. Both the trough and the peak values decrease in magnitude as d/a
decreases. A similar observation may be made of the non-dimensionalized
electric displacement and magnetic induction intensity factors in Figures 13
and 14.

KV:‘;[:BD\IE)
[
o
[=x]
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Figure 14: Plots of Ky /(Boy/a) against the non- dimensionalized time for

selected values of d/a.

As d/a tends to infinity, the non-dimensionalized stress intensity factor
Ki1/(0¢y/a) vanishes. In Figure 12, the magnitude of K;;/(0g+/a) for d/a =
10.0 is very small at all time. Nevertheless, as the distance d/a separating the
cracks becomes smaller, there is an increase in the magnitude K;;/(0g/a).

This observation may be explained by the well known phenomenon known
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as Poisson effect. Due to Poisson effect, compressive stresses generated on
opposite crack faces are unequal, thereby giving rise to shear stresses on each

of the cracks.

Problem 4. Take the only non-zero load acting on the pair of parallel
cracks in Figure 10 to be given by the stress Sy = —H(t)og, where oy is
a given positive constant. We are interested in examining how the electric
and magnetic conditions on the cracks affect the generalized stress intensity
factors. For d/a = 3.0 and d/a = 10.0, the non-dimensionalized general-
ized stress intensity factors K;/(ogv/a), Ki1/(0ov/a), esKy/(ea09v/a) and
hs Ky /(v4004/a) for electrically and magnetically impermeable cracks are
compared with the corresponding intensity factors for electrically and mag-

netically permeable cracks in Figures 15, 16, 17 and 18.

—&—d/a = 10— Impermeable
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0 2 4 5 8 10
[
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Figure 15: A comparison of K/(0g+v/a) for electrically and magnetically

permeable and impermeable cracks for selected values of d/a.
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Figure 16: A comparison of K;;/(cg+/a) for electrically and magnetically

permeable and impermeable cracks for selected values of d/a.
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Figure 17: A comparison of e3 Ky /(e200+/a) for electrically and

magnetically permeable and impermeable cracks for selected values of d/a.
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Figure 18: A comparison of h3Ky /(7,00+/a) for electrically and

magnetically permeable and impermeable cracks for selected values of d/a.

From Figures 15 and 16, the non-dimensionalized generalized stress in-
tensity factors K;/(0gy/a) and Kj;/(cg/a) for the impermeable cracks do
not differ very much from the corresponding intensity factors for permeable
cracks. In Figures 17 and 18, the non-dimensionalized generalized stress
intensity factors e3 Ky /(e200v/a) and hz Ky /(7400+/a) for the impermeable
cracks are obviously different from the corresponding intensity factors for the
permeable cracks. As may be expected, the magnitudes of e3 Ky /(e200+/a)
and h3 Ky /(7500+/a) are very much smaller for the impermeable cracks than
for the permeable cracks as t\/m increases.

6 Summary and conclusion

An explicit solution is given in the Laplace transform domain for a magne-
toelectroelastodynamic problem involving an arbitrary number of arbitrarily

located planar cracks. The Laplace transform of the generalized displace-
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ment and stress fields are expressed in terms of the Laplace transform of the
generalized crack opening displacements to be determined by solving a sys-
tem of hypersingular integral equations. Once the generalized crack opening
displacements are determined, the generalized stress intensity factors may be
easily computed in the Laplace transform domain. A numerical technique for
the inversion of Laplace transforms may then be used to recover the intensity
factors in the physical domain.

The solution is applied to study several specific problems involving a
particular magnetoelectroelastic material. For a single crack and a pair of
coplanar cracks under impact loadings, the computed crack tip intensity
factors are found to be in reasonably good agreement with those published
in the literature.

The solution approach here does not require the difficult computation of
a complicated fundamental solution for magnetoelectroelastodynamics. It
may be extended to include cracks in magnetoelectroelastic solids having
other idealized geometries (such as half-spaces and infinitely-long strips) and
specific boundary conditions. Nevertheless, it may not be as versatile as
the boundary element approach in dealing with more general geometries and

boundary conditions.
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