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Abstract：Whve propagation in a11 infinite elastic piezoeIectric medium with a circular cavity and an

impe锄eable crack subjected to steady-s诅te anti．plane shearing was studied b嬲ed on Green’s如nction
and the crack-division technique．Theoretical solutions were derived for the whole elastic displacemeIlt

锄d electric potential 6eld in the interaction bet、veen the circular cav畸and me impenneable crack．

Expressions were obtained on the dynamic stress concentration fktor(DSCF)at the cavity’s edge，the

小，rI锄ic stress intensity f．actor(DSIF)锄d the dynamic elec仃ic displacement intensity factor(DEDIF)at
the crack tip．Numerical solutions were perfbrnled锄d pl毗ed with diffbrent incident wave numbers，

par锄eters of piezoelectric materials and geometrjes of the s仉Jcture．Finally'some of the calculation
resuIts were compared with the case of dynamic aIlti-pIane intemction of a pe咖eabIe crack and a

circular cav岫in an infin沁piezoelectric medium．This p印er c绷provide a valuable refhence for the

desi辨ofpiezoelectric acmators and sensors widely used in m撕ne stnlctIlres．
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1 IntrOduction

Due to their intrinsic elec仃omechanical coupling

behaVior，piezoelec们c materials have recently be朗

widely used in smart materials and structures

technology． Especially， piezoelectric actuators and

piezoelectric sensors haVe played important roles iIl

the desi鲫and inspection of marine stmctures．When

subiected to mechanical and electrical loads in service，

these piezoelectric materials may fail premamrely due

to their electro—mechanical coupling behaVior．Failurc

or fractIlre oRen occurs in the newly developed

piezoelectric materials because of theirbdttleness and

presence of faults or naws during the m锄ufktunng

and the polling process．So the investigation of the

failure behaViors caused bv stress concentrations h船

become more impo咖t．It should be noted ttlat rrlost
of me published p印ers about piezoelectric mat《}rials

with naws are static．In recent years，WANG锄d

MEGUID haVe inVestigated the interaction Of t、)l，0

cracks ill锄infinite piezoelectric medium under
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dynamic anti-plane shearin分卜引． cHEN， et a1．
obtained Green’s functions for锄ti-plane problems in

piezoelectric media with a finite crack【川．GU，et a1．

investigated transient response of an interf犯e crack

between dissimilar piezoelec仃ic layers u】1der

mechanical impacts【制．WANG et a1．provided some

analytical methods to study me dyn锄ic response of a

multi-layer piezoelectric plate containing some

non．collinear cmcks■WANG and YU studied the

scattering of SH．wave about an arc—crack between锄

inclusion and 口iezoelectric material under remote

unifom loads【o。．These resuns showed how the

loading state and material’s non-homogenei够

innuence elastic s仃ess fields and electric displacement

fields ahead ofⅡle cral’k tip． Studies about

Diezoelec仃ic materials with def．ects under static

elec仃omechanicalloading have been more reponc．d，

but few dynamic cases have been reported．

The objectiVe of present paper is to proVide a

theoretical study on d”amic锄ti—plane intcraction

be锕een an impemeable crack and a circular cavit)，in

锄infin沁piezoelectric medium．Tlle emphases arc

placed on dyn锄ic stress intensi哆factors at the
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cavity’s edge and dynamic stress concentration factors

at the crack tip．The boundary conditions of the crack

are assumed to be traction free and electrically

impermeable，while the circular caVity is assumed to

be traction free and electrically pe肿eable．

2 The goVerning equations

In the absence of body forces and f沱e charges，while

the piezoelectric medium is assumed to haVe been

poIed along the z—axis nonnal to the Z户plane(see

F嘻1)．

Fig．1 Interacting circular caVity and impemeable crack

The goVeming equations of linear piezoelectricity{’or

time hannonic dynamic anti—plane shearing are giVen

by

c44V2w+e15V2≯+p∞2w=0，

q5V2w一一1V2矽=0，

(1)

In which，exponential time factor exp(-i耐)has been

omitted； c44， e15 and一1 are shear elastic modulus，

piezoelectric constant and dielectric constant of the

medium，respectiVely；w谚p and∞are anti—plane

displacement， electric potential， mass density and

仔equency of the incident waVe，respectiVely．Eq．(1)
can be simpli6ed furdler：

(2)

where尼2：』攀with，：％+壁．The constitutive
c 眄1

relations about the piezoelectric material can be

written in column coordinate system(r，D，f=reit
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Where吃，％，D，and B are two shear stress

components and two electric displacement

components，respectiVely．

3 Green’s 1．unctions and boundary

Value prOblem

First，consider the problem of single circular cavity

(The radius is尺o)in an infinite piezoelectric medium

subiected to an anti—plane steadv．state wave directed

at an incident o—entation a幻with the positive廿aXis as

shown in Fig．1．This problem has the solutions of the

following fom according to Ref．[7]．

w-wo擎，“枷os邶一％)+
‰窆以Ⅳ，(扫)c。s船(目一％)，

％=一警薹础州臼训×
∽(”删("南驰厂]，
≯2詈∥)+wo詈薹瓯(竹‰洲弘引，
岛=华砉驰尸心州臼训，

where岛=1，毛=2，甩≥l

express Bessel function觚d Hankel function of the

first kind，respectiVely；ummown constants 以 and

或 can be obtained by combination with the

bounda巧conditions giVen below：

％=0，q=矽， 矽=矽‘， H=R (5)

in which superscript‘‘c’’denotes the variable in the

caVi吼same in the following．
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second，constmct a couple of Green’s mnctions 瓯

and瓯，which are mndamental solutions of elastic

displacement and electric potential respectively for an

infinite piezoelectric medium with a circular caVi够

subjected to a couple of time hamonic line-force and

line—cha唱e pe叩endicular to the 驴plane at 锄

arbitra呵point知=％∥6b in an infinite piezoelectric

medium．Therefore，a couple of Green’s血nctions of

present p印er should satisfIy the boundaD，conditions

(5)and the following equ“ons：

V2Gw+七2瓯=0，

锄2
万(f一知)
1+兄

’

q=善Gw+岛，V2函=o，
044

岛=苦鲁，
(6)

in which占indicates Dirac。万mnction．Gw and q

can be solved as f．oUows：

4％(1+五)

l

4％(1+五)

∑见日：’(打)cos，，2(曰一岛)+
坍=O

∑％cos聊(曰一岛)×
J，l=0

f厶(饥)础’(打)，，．>％，
【厶(打)础’(‰)，，．<％，

q 2詈Gw一瓦意而×
lIl后If一知I+∑L(打)“cos所(秒一岛)I，

G；一面南丽薹巴("cos删吲，
(7)

where uflknown constants D坍，上‰and，乙can be

obtained by solVing Eq．6 combined with bounda拶

conditions(5)．

Finally，negatiVe shear stress一铴and negatiVe electric

displacement—D口based on the second肌d the fourth

expressions Of Eq．4 are印plied to the crack’s location

and along its surl’ace，respectiVely．This may result

in诒r一0 as weU as D口=0 at the above location，namely，

me traction f．ree and an electrically impe肌eable cmck

is constmcted．Thus the total electromechanical field

can be giVen by

(8)

Dynamic stress concentration factor(DSCF)at tlle

caVity’s edge can be expressed as

亥=警=寺％筹嗨筹拈他， (9)％2言2i％了万+qs葛万’H2R， (9)

where硒=眈缸wo．While dynamic stress intensit)，

f．actor(DsIF)—K五and dyn啪ic electric displacement

intensi够factor(DEDIF)K嚣at the crack’s tip are

giVen as follows，respectiVely：

，-(，)I
‘，：I；_’与

％(1+旯)三

瑞=
膨ol两
D0￡

‰等蚝等牲，【c“—_+q5—三一)I{-+5，
0r or 卜“

(10)

=壶‰警喝等牡，2币‰百一K-言枷卣’
(11)

in which ￡ denotes the crack’s chamcteristic

length，q：鱼『0．
q5

4 Computational cases and their

discussions

Some computational cases based on Eqs(9)up to(11)
are plotted to show the sensitiVit)，of piezoelectric

medium to m砷erial constants．Figs．2—4 show DSCFs

at the cavi田’s edge to the case of horizontal crack

under venically incident wave，which vary linearly

with dimensionless piezoelectric p跏eter五．It can
be seen through the asymmet巧of Figs．2 and 3 that

the innuence of an impermeable crack on DSCFs at

me cavity’s edge at higher fbquencies is more

obvious than mat at lower f-requencies， but the

maximaI DSCFs always appear at lower frequency

肷o=0．4 nearby(see F培4)．

岛

知

W

烛

岛

知

瞎

局

心

@

嘭

q

×，

则

响昴卜k巩％e尊‰一％《鱼h

w

矿

=

=

椭

∽

万方数据



5

4

3

2

l

O

—l

一2

—3

—4

—5

90 —A=1．0
’。20．I．n。，专彬2一一 ～＼。^=o．!

R夕杉—＼-：．、4=o．：
．∽t溺潲
’蝶戮＼。＼

／／＼＼
270

O

Fig．2 DSCFs at the cavity’s edge under vertical jncident wave
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Fig．3 DSCFs at the cavity’s edge under venical incjdent wave

Fig．5 shows DSIFs at the crack’s left tip．Due to the

coupling of electromechanical behavior， both of

dynamic overshoot and undershoot phenomena are

considerably increased comparing with both of

tmditional elastic nlaterial(solid line五F0．0)and

piezoelectric medium with pemeable crack at the
same situation【剐．

4

3

．警
-
2

O

O．4 O．8 1．2 1．6 2．O

七尺。

Fig．4 DSCFsat口20 ofthe cavity’s edge
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While the computational results shown in Fig．6

indicate that DEDIFs increase linearlv with the

increment of 五 at the same frequency and the

oscillating phenomena are more obvious when五is

larger． In addition， the computational results also

indicate that the great changes of dielectric constants’

ratio两1／砀f．rom 500 to l 500 have linle innuence on

DSCF’ DSIF and DEDI F． in which^面 denotes

dielectric constant of the cavi饥
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1．O
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Fig．5 DSIFs at leR tip of the crack

Fig．6 DEDIFs at leR tip ofthe crack

5 Conclusions

The interaction of an imDenlleable crack and a circular

cavitv are more obvious than that with onlv

impeHlleable crack both at lower and higher

n．equencies．Dynamic analyses are very important for

an infinite piezoelectric medium with a circular cavity

and an impemeable crack at lower fkquencies and

la唱er piezoeIectric characteristic parameters． The

changes of dielectric constant ratio of the piezoelectric

medium to the cavity have little innuence on DSCF，

DSIF and DEDIF．This paper can provide a valuable

ref．erence to the design of piezOelectric actuators and

sensors widely serVed in marine structures．
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1.外文会议 Zhao. Ming-hao Analysis method of mixed mode crack in 2D finite piezoelectric media 
    In this paper, the Hybrid Extended Displacement Discontinuity-Charge Simulation Method (HEDD-CSM) [1] is used to study the mixed

mode cracks in two-dimensional finite piezoelectric media under combined mechanical-electrical loadings. The HEDD-CSM combines the

extended displacement discontinuity method (EDDM) and the charge simulation method (CSM). The solution for an electrically

impermeable crack is approximately expressed by a linear combination of fundamental solutions of the governing equations which

includes the extended point force fundamental solutions with the sources placed at chosen points outside the domain of the problem

under consideration and the extended Crouch fundamental solutions with the extended displacement discontinuities placed on the crack.

The coefficients of the fundamental solutions are determined by letting the approximated solution satisfy the conditions on the

boundary of the domain and on the crack face. The center cracks in piezoelectric strips are analyzed by HEDD-CSM. The stress

intensity factors and the electric displacement intensity factor are calculated. Meanwhile the effect of finite domain size on these

intensity factors is studied. One of the most interesting findings is that the intensity factor K&lt;inf&gt;II&lt;/inf&gt; decouples

from K&lt;inf&gt;1&lt;/inf&gt; and K&lt;inf&gt;D&lt;/inf&gt; even in a finite piezoelectric medium.

2.外文期刊 Fan. CY Hybrid extended displacement discontinuity-charge simulation method for analysis
of cracks in 2D piezoelectric media 
    The extended displacement discontinuity method (EDDM) and the charge simulation method (CSM) are combined to develop an efficient

approach for analysis of cracks in two-dimensional piezoelectric media. In the proposed hybrid EDD-CSM, the solution for ail

electrically impermeable crack is approximately expressed by a linear combination of fundamental solutions of the governing

equations, which includes the extended point force fundamental solutions with the sources placed at chosen points outside the domain

of the problem under consideration and the extended Crouch fundamental solutions with the extended displacement discontinuities

placed on the crack. The coefficients of the fundamental solutions are determined by letting the approximated solution satisfy the

conditions oil the boundary of the domain and oil the crack face. Furthermore, the hybrid EDD-CSM is applied to solve the problems of
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cracks under electrically permeable condition, as well as under semi-permeable conditions by using all iterative approach. Two

important crack problems in fracture mechanics, the center cracks and the edge cracks in piezoelectric strips, are analyzed by the

proposed method. The stress intensity factor and the electric displacement intensity factor are calculated. Meanwhile the effects of

strip size: and the electric boundary conditions on these intensity factors are studied.

3.外文期刊 B. Rogowski Fundamental solutions in piezoelectricity. Penny-shaped crack solution 
    The problem of electroelasticity for piezoelectric materials is considered. For axially symmetric states three potentials are

introduced, which determine the displacements, the electric potentials, the stresses, the components of the electric field vector and

the electric displacements in a piezoelectric body. These fundamental solutions are utilized to solve the penny-shaped crack problem.

Two cases of boundary--value problems are considered, namely the permeable and impermeable crack boundary conditions. Exact solutions

are obtained for elastic and electric fields. The main results are the stress intensity factor for singular stress and the electric

displacement intensity factor. The numerical results are presented graphically to show the influence of applied mechanical and

electrical loading on the analyzed quantities and to clarify the effect of anisotropy of piezoelectric materials. It is show that the

influence of anisotropy of the materials on these fields is significant.

4.外文期刊 Rajapakse. RKND Angular distribution of energy release rates and fracture of
piezoelectric solids 
    Applicability of energy release rate criteria to piezoelectric materials is examined in this paper. The angular distribution of

strain and total energy release rates at a crack tip in a plane piezoelectric medium is first formulated by using a branched crack

model. By relaxing the commonly held assumption of self-similar crack propagation and incorporating in the fracture toughness

anisotropy, the criteria of modified strain energy release rate and modified total energy release rate are applied to discuss the

propagation path of an impermeable crack. Numerical results indicate that the predictions based on the criterion of modified total

energy release rate do not show qualitative agreement with experimental observations, whereas the predictions based on the criterion

of modified strain energy release rate appear more promising. Based on the criterion of modified strain energy release rate, a crack

tends to branch off from a straight path under a positive electric loading, regardless of crack orientation. An applied electric

field can either promote or retard crack propagation depending on the direction of electric field, crack orientation and crack

extension direction. The predictions made by the energy-based criteria are compared with those corresponding to a recently reported

stress-based criterion.
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