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Abstract. Two coplanar limited-permeable rectangular cracks in magneto-electro-elastic
material are modeled and solved using generalized Almansi’s theorem. The mixed boundary
value problem is formulated into three pairs of dual integral equations with the help of
Fourier transform, in which the unknown functions are the jumps of displacements across the
crack-surface. By directly expanding the unknown functions into infinite series form of Jacobi
polynomials, the dual integral equations are solved, and the analytical expressions of
generalized intensity factors are derived strictly. Based on the generalized intensity factors,
the dynamic behaviors of two cracks are estimated under P-wave loads. To show the trends of
effects of loading frequency and geometry of cracks on the generalized intensity factors, top
finite terms of infinite series are numerically calculated based on the Schmidt method.
Numerical results are then drawn graphically. It reveals that the trend of two cracks forming
a larger crack by propagating depends strongly on crack geometry and load frequency. This
work illuminate the condition inducing different crack propagation patterns, which will
benifit the forecast of damage forms of transversely isotropic magneto-electro-elastic
material.
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1 INTRODUCTIO

Magneto-electro-elastic composites, with its root in the early work of Vansuchtelen!!,
have been widely applied in science and engineering. Layered magneto-electro-elastic
composites, as a basic form of various electromagnetic structures, usually manufactured using
tape-casting technique and bonding method, achieve a historic high electromagnetic factor.
The dynamic mechanical, magnetic and electric loads are inevitable in its service, which make
the layered magnetic-electric-elastic components pregnant coplanar cracks or parallel cracks
from the interface or other weak position. Furthermore, the initiation of cracks will result in
the reduction of electromagnetic conversion efficiency, if not fail prematurely. Therefore,
researching on the dynamic fracture behaviors of magneto-electro-elastic composites is very
worthwhile!> 3. To obtain the reliable service life time and the reliable action of related
devices and to prevent failure during service, most of works concerned about the dynamic
fracture problems with assumption of transversely isotropic property. Among them, Zhong et
all* °l investigated the anti-plane and in-plane dynamic fracture problem, and the influence of
various factors on the crack propagation orientation were discussed. Feng et all® 7 also made
lots of effort on the dynamic fracture of magneto-electro-elastic medium. They discussed four
kinds of ideal crack-face assumption, and based on energy release rate, the effect of
crack-face assumption on the crack extension was unfolded. As discussed in previous work!”],
the boundary condition on the crack surface was complex in piezoelectric/piezomagnetic
composites. The limited-permeable boundary condition first proposed in Hao’s work!®! for
piezoelectric materials was developed into magneto-electro-elastic composites by Zhong et
al®l and Zhou et al®!, respectively.

Although there are a lot of works focusing on the anti-plane and in-plane problems, it is

insufficient to analyzing the fracture behavior in 3-Dimensions. And, it is important to take
multi-cracked 3D medium into account. Layered composites were prone to generating
multiple cracks in the same layer due to periodical fatigue loads or manufacturing process, so
investigating the interaction between coplanar cracks is necessary. During analyzing 3D
crack, model of penny, elliptical and rectangular were the most commonly used types, in
which rectangular crack model is over safety in the engineering analysis.

With the lack of 3D dynamic analysis of multi-cracked magneto-electro-elastic materials
in mind, in this paper, the model of transversely isotropic magneto-electro-elastic materials
are established with two coplanar rectangular cracks parallel to the isotropic plane. Here the
steady-state effects of the loading frequency on the limited-permeable crack initiating
behavior were investigated on. The double-cracked magneto-electro-elastic material problems
were formulated to three pairs of dual integral equations through Fourier transform. By
solving the dual integral equations with the jumps of displacements as unknown variables, the
analytical generalized intensity factors were derived strictly in the forms of infinite series
which comes from Jacobi polynomial expansion of the jumps of displacements. In order to
reveal some implicit links between mixed boundary conditions and generalized intensity
factors, numerical results of generalized intensity factors were depicted and some useful
conclusions and laws were explained, including the possibility of two crack converging and
the effects of the geometry of cracks and the load frequency on the crack extension. This
contribution is available for further analyzing multi-cracked 3D magneto-electro-elastic
materials.
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2 MODELING AND BASIC EQUATIONS

The simplified model of transversely isotropic homogeneous magneto-electro-elastic
material is adopted in the present problem. Consider two coplanar rectangular cracks inside
the isotropic plane as shown in Fig. 1. These two cracks are situated at the region of
[ < |x| </, and |y| <[, in the plane of z=0 in Cartesian coordinate system ( x,y,z ). A

uniform distributed normal harmonic load o_(x,y,0)=-0,'“" (here o, and @ are the

amplitude and the circular frequency of the incident load wave, respectively.) is directly
applied on the upper and the lower crack-surfaces, to which the solution combining with a
uniform field can be transformed into the solution to the double-cracked material with a
remotely harmonic load according to the standard superposition technique in the fracture
mechanics point of view.

lfor z>0

% P-wave
2for z<0

Fig.1: Geometry and coordinate system for two rectangular cracks

When the time-harmonic P-wave is applied on the magneto-electro-elastic materials and
the response goes from the transient response stage into the steady state, all fields quantities
can be expressed in the form as follows:

XO (x9y=ZaT) = X(x:yaz)eiiwr

where X is on behalf of the displacement u, , the electric potential ¢ , the magnetic
potential y , the stress o, , the electric displacements D, and the magnetic flux
B, (k,l=x,y,z); tis the time variable, respectively.

In Cartesian coordinates (x, y,z) of the present problem, the basic equations of linear,
homogeneous, transversely isotropic magneto-electro-elastic material ignoring body force,

free electric and magnetic charge are as follows:

j) _ ()
O = Poly

D) = ; kl=x,y,z (D
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where p,, Cus €ps Ens Gps d/k and o (j,k=1,2,3) are the mass density, the elastic
stiffness constants, the piezoelectric constants, the electric permittivities, the piezomagnetic
constants, the electromagnetic constants and the magnetic permeabilities of

magneto-electro-elastic medium, respectively. i/’ denotes the second-order differential of

u'”  with respect to time variable and a subscript comma denotes the partial differential to

the coordinates ( x, y,z ), where the superscript j ( j =1, 2) denotes the fields in the upper
half space 1 (z >0 ) and the lower half space 2 (z<0) as shown in Fig.1. Considering the
load wave propagating along z -axis in form of plane wave, i = (’ ) =0 is concluded.

Substituting Eqgs.(2)-(4) into Eq.(1), the governing equations represented by the
displacements, electric potentials and magnetic potentials are constructed:

aul) + (e, —cpul 12+ ul”

X, yy

+ (¢, +epul’) /2

X,zz VXy

+(on+ C44)“z (et e31)¢(/) +(qs + ‘131)‘//(1)

) ) ) )
(¢ _cl2)uy,xx /2+clluy,yy teuu + (e e ul, /2

¥,z X,Xy
+ (Cl3 + C44)“§9z +(e5+ e31)¢,( +(qys + %1)‘//(])

044(u(j) —I-u(j) )+c33u(j) +(Cl3 +c44)(u(j) +u(1) )

Z,xx 0y z,22 X, Xz V.yz (5)
té; (¢§c;) + ¢(y1y)) + e33¢,i/) +4;s ('//(/) (/)) + %3‘//(/) =-0’ Po “(j)
€5 (uijx)x + ”ijy)y) + 633”?; +(es+ 631)(“)5]); + ”;j;z)

_gll(¢(/)+¢(1)) 833 (/) dn(l//(j) (/)) d33l,//(1)—0

‘hs(“m +u'’ )+Q33”(J) +(q,5 +CI31)(”(J) +u'’ )

z,yy z,2z X,xz y.yz

_d11(¢(1)+¢(1)) d33 (zi)_ﬂn(l//(j)""//(j)) ,u33'//m 0
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In magneto-electro-elastic material, the velocity of elastic P-wave in z -axis direction

33 2

—qyd —e,d : :
c. = \/ (¢33 +e5, Coatly "% | q ngi; _63; 3)/ p, can be derived which only depends on
33733 33

2
Eqflyy —d;;
the material constants.

3 LIMITED-PERMEABLE BOUNDARY CONDITIONS

The limited-permeable crack model, developed in Zhong’s ['% and Zhou’s [ ' works, is
adopted here. The boundary conditions on crack-surfaces and at infinity for 3D problem are
expressed in detail as follows:
ol (x,»,01) =02 (x,7,07) =0,
ol (x,y,0)=02(x,»,0)=0, o(x.y,00)=02(x.y,0)=0
DV (x,y,07) =D (x,y,00), BV(x,y,0")=B%(x,y,0") for [ < |x| <1,
Do[u” (x, y,0M) ~u? (x,5,07)] = &[¢" (x,»,0") ~ ¢ (x, »,07)]
B[l (x,,0") —ul (3, ,0)] = gy [ (x, ,0) =y (x, ,07)]

<L (6

o (x,»,0)=02(x,3,0), o¥(x,»,0)=0?(x,,07)
m ) - m + _ . (2) -
O-yz (x7y90 )_O-yz (xay,o )9 ux (x’yao )_ux (xayao )
u(x, 9,00 =u?(x,3,07),  u(xy,00)=uP(x,»,00) for |x|</ or |x|>1,
¢V (x,»,0)=¢"(x,»,0), D"(x,y,07)=D"(x,y,0)
v (x,»,0) =y P(x,5,00), B"(x,5,0")=B"(x,»,0)

|.V| > (7)

u (v, y,2) =u (%, y,2) =u (%,3,2) =4 (%, 5,2) =9 (x,7,2) =0 foryx*+y* +2° >0
®)

where D, and B, are defined as the electric displacement and the magnetic flux inside

cracks, and they are equal to D'"(x,y,0") and B! (x,y,0") in magnitude, respectively. As

discussed in public literatures!!® 121 the electric displacement and magnetic induction inside
the opening crack are almost constants and dependent on applied magneto-electro-elastic
loads, material properties, dielectric permittivity and magnetic permeability of crack interior,
which would be certified briefly later. The limited-permeable boundary conditions in Eq.(6)
will  transform  to  permeable electric-magnetic  boundary  condition = when

u”(x,,0)—u®(x,y,07)=0 and to impermeable one when &, =4, =0.

4 SOLUTION PROCEDURE

The governing equations (5) need to be simplified by introducing displacement potential
functions as discussed in reference 13, Let
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0 —pW) () () ) )
u =Y7"-G, u’=-Y]-G] )

y

where WY and GY are two potential functions. By strict derivation, the general
expressions of the displacement potential function, the displacements, stresses, electric
potentials, electric displacements, magnetic potentials and magnetic flux fields satisfying Eq.
(8) are derived as follows:

G(x,y,2) = % j: j: 24: 20(s,)4, (s,1) cos(sx) cos(ty)e = dsdy
=
uil) (x,y,2z)= % j: J:o [t4, (s, e Vs + ski: ;(,E” (s,0)A, (s, e ™ Viiez ]sin(sx) cos(ty)dsdt
=
u (x, y,2) = % [ sy (5.0 Votez | tg 20(s,0)4, (s, )e = cos(sx) sin(ey ) dsd
u(x,y,z) = % j: j:g 22 (5,1)4, (s,1) cos(sx) cos(ty)e ™ = = dsd

00 @00 4 (2.2
¢V (x,y,2) = izjo jo Z;{f)(s,t)Ak (s5,1) cos(sx)cos(ty)e " “dsdt
7 k=1

o 4 ooy (4) AN +Pz
7% (x,y,z):?‘[0 IO Z;(k (s,2)A, (s,t)cos(sx)cos(ty)e ™ dsdt
k=1
(10)

G (x,y,z)= % j: I: 24: 2 (5,0)B, (s,1) cos(sx) cos(ty)e™ = dsdt
=
u?(x,y,z)= %j‘: J:O [tB,(s,t)e™ Witz + si 2 (s5,0)B, (s,t)e™ Vst ]sin(sx) cos(ty)dsdt
=
u®(x, y,2) = %j: [ 1-5B,(s.¢ Vot | tg 205,008, (5, )¢ 7 cos(sx) sin(ty)dsd
u?(x,y,z)= %j: I: Ii 23 (s,0)B, (s,1) cos(sx) cos(ty)e™ e oy
=

0 poo " [2. 2
¢P(x,y,2) = izjo IO Z;{f '(5,)B, (s,t)cos(sx)cos(ty)e™ ¥ * dsdt
T k=1

() 4 oo (4% NS+ z
v (.2 =— jo jo > 2 (5,0)B, (s, 1) cos(sx) cos(ty)e dsdt
k=1

(11
where y\"(s,t) and yV7(s,t) (k=1,2,3,4. j=1,2,3,4,5.)are functions of known
expressions (The expressions are not shown here for brevity.).
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o0 00 4 2,2
o (x,y,2)= %L IO Z,B,il)(s,t)Ak (5,0)e V"% cos(sx) cos(ty)dsdt
k=1
4 o > — A stz :
ol(x,y,2)= ?L IO Z,B,iz)(s,t)Ak (s,0)e cos(sx)sin(¢y)dsdt
k=1
o0 @O0 B 2,2
ol(x,y,2)= %L jo Z,B,f) (s5,0)4, (s,t)e ¥ "% sin(sx) cos(ty)dsdt (12)
k=1

o0 o0 4 2 2
DV (x, y,z) = iz jo jo > B (5,004, (s,0)e V" cos(sx) cos(ty)dsdt
T k=1

) _ 4 7 r°% ) — a2z
B (x,y,2) = — jo jo > B (5,04, (s, )e cos(sx) cos(#y)dsdt
T k=1

w poo " [2.2
az(f)(x, ¥,2) :izjo IO Z,B,fl )(s,t)Bk (s,1) cos(sx) cos(ly)elk S dsdt
7 k=1
0 (o0 * [2. 2
J;f)(x, y,z) = izjo IO Z,BIEZ )(s,8)B, (s,t) cos(sx) sin(ty)e™* ¥ " “dsdt
72 k=1
0 o0 " [2. 2
c?(x,y,2) :iz jo jo DB (s,0)B, (s, 1)sin(sx) cos(ty)e™ *** dsdi (13)
7 k=1

@) _ 4 5 A5tz
DP(x,y,2)=— jo jo > B4 (5,0)B, (s,1) cos(sx) cos(ty)e dsdt
T k=1

() I i 3 (5% A5tz
B (x,y,2)=— jo jo > B (5,0)B, (s,1) cos(sx) cos(1y)e dsdt
T k=1

where B (s,t) and BY7(s,t)(k=0,1,2,3,4. j=1,2,3,4,5.) are functions of known

expressions (The expressions are not shown here for brevity.).
Substitution of expressions (10)-(11) into limited-permeable boundary condition (6),

electric displacement and magnetic flux inside crack can be generated

2 2 (5,004, (s,0) + B, (5,0)]
D, =¢&,4F
2 27 (5,004, (5,0)+ B, (5,1)]
o (14)
ZZIEA‘)(S’t)[Ak(Sat)_i_Bk(s’t)]
B, = u, kjl
ZZ/EZ)(SJ)[A/{(SJ)+Bk(s’t)]

It is obviously that the distribution of electric displacement and magnetic flux inside
crack is independent on Cartesian coordinates, means, both of the physical field inside cracks

are almost constants.
To solve the fracture problem, the jumps of displacement on upper and lower crack

surface are defined as follows:
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fi6y)=u(x,,00) —u? (x,,0)
fz(x,y):u_i”(x,y,O*)—uf’(x,y,O‘) (15)
06 =u(x,3,0") —ul (x,,0)

It is obviously that both f,(x,y) and f;(x,») are even functions about the variable y

and f,(x,y) 1is an odd function about the variable y according to the symmetry of this
problem.
Using Fourier transform, and Substituting Eqs.(10)-(13) into the crack boundary

conditions Eqs.(6)-(7) and the jumps of displacements Eq.(15), the following dual integral
equations can be deduced:

ol (x,,0)= %Jj I: g,(s, t)f3 (s,2) cos(sx)cos(ty)dsdt = -0, [, <x<I, and
V4
0<y<l (16)

2 o - - .
o206 2,0) == [ ] [2:(5,0 75,0+ g3, (s, )] sin(sx) cos(ey)dse =0
[ <x<I[; and 0<y<]/, (17)
2 g - - .
o1 (6,,0) =— [ [ [2.(5:0 /15,0 + g(5:0)f3 (5. )] cos(sx)sin(ey) s =
[ <x<I[; and 0<y<]/, (18)

J': J:C £, (s, t)sin(sx) cos(ty)dsdt = 0

I: I:ﬁ(s,t) cos(sx)sin(zy)dsdt =0,  for |x| <l or |x| >l or y>I, (19)

J': J:C ]73(‘9 ,t)cos(sx) cos(ty)dsdt =0

where j_”j(s,t) (/=12,3) indicates two dimensional Fourier transform of f(x,y)

g,(s,t) (k=1,2,3,4,5.) are known functions (The forms of functions are not shown here for

brevity.). The foregoing three pairs of dual integral equations (16)-(19) must be solved to
determine the unknown functions f,(x,y), f,(x,y) and f(x,»).

5 CRACKTIP SINGULARITY FIELD AND GENERALIZED INTENSITY
FACTOR

The Schmidt method ['*191 is introduced to solve the dual integral equations (16)-(19).
The whole generalized fields can be solved, such as stress, electric displacement, magnetic
flux and so on. But, to determine the generalized field intensity factors, the main attention
must be focused on the generalized fields ahead of crack edges. In this work, o, o1,
o0

yz o

D" and B!" ahead of crack edges are obtained as follows:

CTU)(XT 0) = 2?( )
O(x,3,0)= chm [ sz(rl)cos(zy)dz[j (5,00 s

n=0 m=0
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o (x,,0) =0 (x,,0)=0 @1
“)()
DY (x,y,0)=— chm,, [ Jan(rl)cos(zy)dr[j ) VA
“)()
BO(x,7,0) == 233, j =Ty (i) cos@)di] [ =2==g,(5,0)J,,.,

n=0 m=0

where g, (s,t) (k=7,8.)1s known functions (The forms of functions are not shown here for
brevity.).

The generalized intensity factors K on each crack edge are respectively obtained as
follows:
(I) on inner crack edge, x=/ and 0<y</,:

b N2 BE
K =lim 20, - 00 =t ZZ( ™ H (y) (24)
3 1 n=0 m=0
K;x = hrl;l V 2(11 _x) : Dlz = h_7g 1\/51 Z(_l)erlcmnHlmn (y) (25)
h T 3~ b n=0 m=0
K}B,X = linll 2(l,=x)-B,, =h—8(2’ ;/El ZZ( 1)’"+lcmnH1mn (») (26)
=4 T - n=0 m=0

(%)
—_

(I) on outer crack edge, x=/, and 0<y</,:

K =lim\2(x—1) -0, ——h—°2

x—l T

1S

iicmn}[lmn (y) (27)

n=0

~
»—4N
o

3

=

3T

h \/E © ©
KE =lim\2(x-1)-D,_=--2 c H 28
Dx Xy ( 3) 1z 72_2 13_11 ;; mn lmn(y) ( )

. hy V2 &L
Ky = Hm 206 =) By, = =23 =2 2, 2 ol () (29)

(IIT) on upper crack edge, y=/, and /[ <x<

. < 2
K)’ = /lvlﬁnl: 2(_)/_[2) ‘0-222 = 2

S

CmnR2m (x)an (3 O)

N%‘O}
[Ms
Ms

i
)
3
I}
)

N

[\
=

S
=
M
MM

70

KDy = }}1}3;1 2(y - 12) * D cmnR2m (x)an (3 1)

2
0

. 2
KBy - }l—r}lz 2()/—[2) 'Bzz = hgo

2

S 6B, (1)0,, (32)

B
=
1M
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F(m+1+;) F(2n+1+;)

where O, =-27 " !

6 NUMERICAL RESULTS AND DISCUSSION

Now, the analytical solution for generalized intensity factors have been derived strictly in
forms of infinite polynomials, but to demonstrate the response law of cracks to kinds of
factors such as loading frequency, numerical results are calculated and depicted for the
generalized intensity factors. Considering the commonly used magneto-electro-elastic
materials, the material constants of BaTiO3/CoFe.O4 are adopted in all computations as
shown in Table 1 to Table 3. According to the previous work!'’l, to achieve the available
numerical solutions through the Schmidt method, only the first several terms in the infinite
series should be taken into calculation. Here, the top ten terms are taken in computation, and
the numerical results of the generalized intensity factors are graphically shown from Fig. 2 to
Fig. 5 to indicate some significant response laws different from the static problem.

Ci Ciy Ci3 C33 Cy4 P
(N/m>  (N/m>  (N/m>)  (N/m>)  (N/m®)  (kg/m’)
22.6x10" 12.5%x10" 12.4%x10" 21.6x10" 4.4%10" 5500.0

Table 1: Elastic stiffness constants and mass density of BaTiO3-CoFe204

€3 €33 € S S Jis
(C/m?) (C/m?) (C/m?) (N / Am) (N / Am) (N / Am)
-2.2 9.3 5.8 290.2 350.0 275.0

Table 2: Piezoelectric constants and piezomagnetic constants of BaTiO3-CoFe2O4

&y &33 Hi Ha3 & 833
(C*/Nm*) (C*/Nm*) (Ns*/C?) (Ns*/C?) (Ns/VC) (Ns/VC)

297.5x107°

56.4x107"°  63.5x107" 83.5x10°  4.0x10”° 4.7x107°

Table 3: Dielectric constants, magnetic permeablities and electromagnetic constants of BaTiO3-CoFe204

(I) According to Eqs.(24)-(32), the stress intensity factors, the electric intensity factors and
the magnetic flux intensity factors possess of the same changing rule and only different in
magnitudes coming from 4,, &, and A, which had been discussed in references 1 171,
So during the following discussion, the electric displacement intensity factors and the
magnetic flux intensity factors would not be elaborated particularly for the simplicity of

6783



Pei-Wei Zhang

the article, except the generalized intensity factors show a different variation.

(II) Maintain the circular frequency @ satisfying wl,/c,=0.8 and l,/c. =12,
respectively, the stress intensity factors at the midpoints on the inner crack edge, the outer
crack edge and the upper crack edge are depicted versus the inter space between two
rectangular cracks as shown in Fig.2 and Fig.3. All stress intensity factors vibrate with
the increasing of /, with the vibration amplitudes gradually tending to zero. Different
from statistic problems that the stress intensity factor on the inner crack edges is always
larger than ones on the outer crack edges, as shown in Fig.2(a) and Fig.3(a), the stress
intensity factors at inner and outer crack edge alternately occupy the dominant position,
which makes it more difficult to predicting crack converging. When wl, /c, =0.8, the

cracks are more inclined to converging for / //,<0.5. When wl,/c, =1.2, the cracks
will expand outward separately for / //, <0.5. But for /,/[,>0.5, even though the

stress intensity factor on one edge is slightly larger than that on the other edge, it is hard
to say whether cracks join together or expand separately. Additionally, the stress intensity
factors at the midpoint on the upper edge are smaller than that on the inner and outer
edges in these two cases.

(I)Fig.4 depicts the trend of K~ at midpoint on each crack edge versus the dimensionless

circular frequency @, =/, /c, . Within the researched load frequency range, when the
frequency is not large @, <1.0, the two cracks are capable of converging. However, with
larger @, , the main behavior of two coplanar cracks is enlarging separately. Note that, as
shown in Fig.4, the most dangerous load frequency prompting cracks to converge locates
at @, =0.7. Additionally, in the case of dangerous frequency, the midpoint of crack edge

is not the location easy to crack according to the stress intensity factors curve as shown in
Fig.5. the whole crack edges should be given adequate attention in the dynamic fracture

analysis.
- 0.74
5 1.28f (@) “’Dx\ P
= 1.241 ~ 072} / N—
| rom /F
= 1.20} g 0.70} /
> 1.16} ~. 068}
%1'16 —o—inner };4;‘ /
hAT 1,121 ——outer 0.66 .~
o 1 2 3 4 o 1 2 3 4
/1, 1 /1,

Fig.2: The stress intensity factors versus /, /[, for [, =1.0, [;-=[, =10, wl,/c,=0.8,
D,/&,=1.0x10° and B,/ s, =1.0x10’.

(a) The stress intensity factors at the middle point of inner and outer crack edges

(b) The stress intensity factors at the middle point of upper crack edge

6784



Pei-Wei Zhang

5 0.9¢ 0.56+ ] (b)

= g3 [

= 0.8} o

| 0.52}

= 0.7} 5 \ ~

= Ta 048} AN g

2 o6l =) /[~

“-;: . \[/

= o 1 2 3 4 M 2 3 3
I /1 L1

Fig.3: The stress intensity factors versus /, /[, for [, =1.0, [,=[ =10, wl,/c, =12,
D,/&,=1.0x10° and B,/ 4, =1.0x10’.

(a) The stress intensity factors at middle points of inner and outer crack edges

(b) The stress intensity factors at the middle point of upper crack edge

& 0.5)
=T 0.4}
= 0.3
g 0.21 ——inner
_ 3 ——outer
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wl, /c, y
Fig.4: The stress intensity factors at middle point Fig.5: The stress intensity factors on inner and
of inner, outer and upper crack edge versus outer crack edges versus y for [, =0.2,
wl,/c, for =02, 1,=1.0, [,=1.2, L=10, =12, wl,/c. =14,
D,/&,=1.0x10" and B,/ u,=1.0x10. D,/&, =1.0x10" and

B,/ i, =1.0x10°.

7 CONCLUSIONS

Coupling fracture of coplanar two rectangular cracks was addressed considering
piezoelectric effect, piezomagnetic effect and magneto-electric effect of materials and the
load frequency. limited-permeable crack model was introduced to emulating the reality and
using generalized Almansi’ theorem and Fourier Transform, the analytical solution of whole
generalized fields and generalized intensity factors were deduced strictly. In order to
demonstrate intuitively the affection of geometry of cracks and load frequency on the
initiation behavior of cracks, numerical computation was depicted with the help of Schmidt
method which permitted higher accuracy with less computation. Some important factors
affecting fracture behavior were pointed out to advance the material health monitory.
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