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ThispaperprEsentsatwodimensionalboundaｴyelement位ansientanalysisinananjsotmPic

piezoelectricsolidwithaEnitecrack､Anelecnic5eldisproducedifthepiezoelec位icsolid

changesmaterialdimensionsandconve】鱈ely,itdefbrmsifanelectⅢicEeldisapplied・Mechanical

motjonandelecmｃｎｏｗａｌもbothconside唾ｄａｎｄａｘもcoupledinthiBpmblem・mftendedor

genemlized”ction(elastictractionandelecmcdjsplacement)integ召lequationisappliedon

onesideoflhec唾ckThetimedomainfimdamentalsolu、nsObtajnedbyWangandm1angfbr

anisotmpicpiezoelectricsolidsusingRadontransfmnisthebasisfbrthisboundaｴyinte癖aｌ

わrmulatjon.、]efbrmulationandmethodologyaｴEsimilartothe2DanalysisfbmFtheaniso位uPic

solid[1).ThefimdamentalsolubionsaIEalsosepamtedintothestatjcsingl血aranddynamic

rEgularparts[2]．ThestaticsingularpartoftheBEMisfUrtherdevelopedtoafbnndlatcanbe

easilyadoptedinwritingthecomputercodewiththehelpofS面h'sfbrmansm､DetaiLs允rthe

staticsingularpart（ortheelastostaticpartja1もShownbyWang[31．Cmckopenjng

displacementsandrElativeelec位icpotentialsaｪBtheBIEsprimaIyunlmowns・TheprEsencecf

twopartialde庇ivativesinthestatjcpartmakesGalerldnmethodtheviablemethod・Galeddn

methodisusedtorEgulalizethehypersingulariⅣ.Thus,doublespatialintegαalsaｪもneededas

wenastheinteg君ｌｗｉｔｈｒｃｓｐｅｃｔｔｏｔｉｍｅａｎｄｔｈｅｉｎｔｅgｍｌｏｖｅｒａｕｎｉｔｃｉｌｄｅ（hDmthe

fimdamentalsclution).'nlestahicpartandthedynamicpartinte錘tions塞位EateddjHbIEntlyも

Ebrthestaticpart,theinteEaalovertheunitcirdeisdeterminedin麺ljcitfbnnbyusing

rもsiduesandtheotherinte率lsamanalyticallypelfbrmedFbrthedynamicpart,inte厚ations

intimeandspacealもevaluatedanalyticallywhiletheinte露Hlovertheunitcimleisevaluated

numerically6

j勤ｗｍ２ｇ:anisotmpiGboundaryelementmethod,cmck,dynamiGpiezoelectnGstIEssintensity
色ctor

Piezoelecmcmaterialsarもmatenalsthatpmducean

elec位icalEeldwhenthematenalchangesdimensionasarEsult

ofimposedmechanicalfbr℃e,COmerselybappliedelectrical丘eld

willcausethematerialtochangedimensions・Duetothis

inherもntcouplingpiezoelectricmaterialsarEwidelyusedand

aｴEstillEndingnewimportantappljcationsinbothen甑neenng
andmedicalEeldssuchastransduceIsandother

elec位Dmechanicaldevices・PiezoelecmccIystalsarEalsovery

poPularasmatenaLsfbrvibmtioncon位ulinstructuｪＥＳ､Howeve喝

thesecrystalsorcemmlcsaxBbrittleandtheplEsenceofcmcｋ

ｃａｎｎｏｔｂｅｐ配ventedeitherdulingpmductionorduringits

serviceljfg・Thus,thestudyofcmcksinpiezoelectncmaterialis

gainingpopulanty、nmhenno麺，mostpiezoelec位icmaterials

aｴもnotisotmpic・MostpublishedmseamhesaxEstaticanalysds

DendaandLua[5],PanI61andRajapakseandXu[７１tonamea

fbw・DendaetaL[8Jdevelopeda2-Dtime-hannonicBEMfbr

sOlidsofgenemlanisompy､Ｓｈｉｎｄｏｅｔａｌ.[９１fxmulatedan

analyticaldynamicsolutionfbroltho”picpiezoelec位iccemmic．

'Ibtheauthors，knowledge,ｎｏｌＥｓｅａｍｈｈａｓｂｅｅｎｄｏｎｅｏｎｔｉｍｅ
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domainbounda工yelementanalysisfbrgenemlanisotmpic

piezoe1ecmcsolids・

Similartoallboundaｴyelementmodels,themaindj伍culty

isgettjngthepmperfimdamentalsolutions､Fbrtunatelyfbrthis

case,Wangandm1ang[2]denvedthee吋qjicitfbrmofthe

fimdamentalsolutionsfbrgenemlanisotmpicpiezoelectricsolids・

hlthispaperbweprEsentatimedomainbounda工yelement

method⑱Eﾊのｆｂｒ睦ctuｴもanalysisoftwodimensional

anisoはDpicpiezoelectncso1id､nleObjectivesofthisstudyaｪEto

checkthevBlidityofthefimdamentalsolutjonsandtodevelopa

numericalmodelfbrdynamich圏cturBanalysisingeneml

anisotmpicpiezoeJectricsolids・Mechanicalmo廿onandelectnc

nowarEbothconsdderEdandaｴもcoupledinthispmblem.'IY1e

generalizedtraction(elastictractionandelectricdisplacemenO

integralequationisappliedononesideofthecrackandonlyone

sideofthecrackisdigcE麺zed.、]ｅｔｉｍｅｄｎｍｎｉｎｆｉｍＨ角mPntfll

sOlutionsObtajnedbyWangａｎｄ四ｺangfbranjsotmpic

piezoelecmcsolidsusingRadontmnsf｡rmisthebasisfbrthis

boundaｴyintegaalめrmula位on・Thefmnulationand

methodologyarEsimilartothe2Danalysisfbrtheanjsompic

solid[1,4J・ThefimdamentalsolutionsamErstdecomposedtothe

staticsingularpartandtothedynamicpalt［2,4J．Smhb

fbrmalismisthenappljedtothestaticsingularpart’thus，

maldngiteasiertobeadDptedintoacomputercode.Ｄetailsfbr

thestatjcgingllarpart(ortheelastostaticpart)arcshownby

WangI3]・Cmckopeningdislplacementｓａｎｄ１℃lativeelecmc

potentialsaｪEtheBIEsprimaryunlmowns・DuetothepEEsence

oftwopartialderivatjvesinthestaticpart,Galeddnmethodis

usedto唾gularizethehypersingularity・Thus,doublespatial

integralsaｴEneededaswenastheinte摩alwithrもslpecttotime

andtheinte厚aｌｏｖｅｒａｕｎitcimle（hDmthefimdamental

solution).'Ihestaticpartandthedynamicpartinte“tjons…

tIEateddiHbrEndy6Fbrthestaticpart,theinte厚alovertheunit

Cimleisdetermineｄｉｎｅ｡qjiCitfmnbyusingrEsiduesandthe

otherintegrals…analytica]lyperfmned・Fbrthedynamicpart，

integ陳ationsintjmeandspaceaｴEevaluatedanaly位czmyWhilｅ

ｔｈｅｉｍｅ獣ａｌｏｖｅｒｔｈｅｕｎｉｔｃｉｍｌｅｉｓｅｖａｌｕａｔｅｄｎｕｍ“cally、

NumaicalexamplesaIEshownandtheeHbctsofthe

piezoelecmcityarBdiscussed．

２ＨｍＮｊｅｍ鈎悔、②nt

Consdderatwodimensionalhomogeneous，infniteand

lineaｴ1yanjsotmpicpiezoelecmcsolidmlesolidismodeled

assumingacmckofarbi位aｴyShape､Ｈｇ１．showsthecrack

modelwithanappljedimpactload・Thefbllowingdefnesthe

genem]izeddisplacementsUノ，genera]izedstzEssesZa，，
genemlizedbodyfbmesF）ａｎｄgeneralizedelasticity

tensorEα〃β，

U,｡{;にli2，’①

z"=侭
ノー１，２，３

１＝４

(2)

咋側輩』

肺|灘毒”
ｏｂＩａｴethestmEss,｡｡aｴetheeJectZicdi司q1acement，（ａｴｃ

ｚａｊ､α＝一F)＋pａﾙひ,，

Ｚα,＝Ｅα"βUJ,β，

峠催縦乳《”

x２

Fig.１CrackModel

Ｔｂｍｕ山utthispaper,acommaafteraquantitydenotes

partialdeZivanvewithrEspecttothespatialvariableswhileadot

appeaｴｉｎｇｏｎｔｈｅｔｏｐｏｆａｑＵａｎｔｉｔｙｄｅｎｏｔｅｓｐartialdezivative

withrEspecｔｔｏｔｉｍｅ・Thesummatjonconventionruleover

rEpeatedindicesisusedAlso,lDwercasemmansu缶xestake

valuesofl,２，and3whjlecapitalmmansuf6xestakevaluesofl，

2,3,and４.Greeksu笛加eshavevaluesofland2only・

IfwesubstituteEq.⑥ｉｎｔｏＥｑ．⑤andassumezem

genem]izedbodyfbmes,thegenemlizedoreq[tendedequa廿onsof

motionarEnowintennsofthedisplacementcomponents

－１０２－



Ｐ＝Ｋ＝４

{r"(6,,62)-p恥；}u,Ｍ=０ （８）

ｗherも

（９）ｒ"(6,,62)＝Ｅ,αＪβ6α6β

isthegeneralizedCristoffbltensorand6arepresents

partialderivative・

Zemini廿alconditionsaIEassumedandonｔｈｅｃｍｃｋ･faces，

tmction七Eeboundaｪycondi廿ｏｎｓａ唾consideredFUrthermolE，

theelec位icboundaryoonditiononthecrack色Ｃｅisassumedtobe

oftheimpermeable句ﾉpe・AlthouEdlstudiesbySosa[101have

fbundoutthattheboundaｴyincrack血cesisactuallypermeable，

theimpermeab1eassumptionisusedinthispaperdueto

mathematicalsimplicity,Fhrtherstudieswillbedonetocheck

theeHbctofthjsassumption．

c嬢側雲響,膿肇＊ (13）

+六!｡g(ＲＭ‘('）
Whe唾

homogeneousanisotmpicelasljcsolidwithaEnitecrackas

ShowninHgl､Ｕｓｉｎｇ位actjon丘もeconditjonsandimpermeable

elecmcboundaryoonditiononthecmckface,thegeneralized

rEp[Esentationinteg”１６ｺrthegenemlizedcmckdisplacement

componentscanbewrittenas：

Ｕｘ(ｙ,r)＝Ｕｒ(ｙ,r） （10）

‐L"砿[(x-y),e(x);’]拳△U畷(x,')ｄｘ

ｗｈｅｒＥｘａｎｄｙａｒｃｔｈｅｓｏｕｍｅａｎｄＯｂservatjonpointrEspectivElyゥ

ＳｉｓｔｈｅｃｍｃｋｓｕｒｆａｃｅａｎｄＨ脈isthegeneralizednaction

fimdamentalsolution．＊standsbrtheRiemannconvolution．

SincetheBmIequationleadstoadegenemtefbrmulatjon,the

位ac位onboundaxyinteg君ｌｅｑｕａｔｉｏｎｗｉｎｂｅｕｓedandcanbe

writtenas：

ｗ,')=!"b[蕊-";']*△U,(x,伽Ｊ'eｓ（''）
wheⅡB7y"denotesgenemljzed虚ctioncomponentoftheinddent

waye，△U>arEthecmckopenjngdjsplaoements(CODs)and
therdativeelec位icpotentialdiHbIもnceorthegeneralized
CODs(GCODs),脇isthedelivatiyeofthestmssfimdamental

solutjonThefimdamentalsolutionderivedbyWangandZhang
[21isusedtoObtain恥byapplyingthetmctionoperators
twice．

磯 Ｐ,Ｋ＝1,2,3,

Ｐ＝1,2,3,Ｋ＝４

(14）

９
－
０
４

刷
一
凡
刷

恥＝

3.BbmmdarydemEmtequa薗DnB

Consideratwodimensionalelastodynamicpmblemina

duetoimpulsiveelectricalpointlｏａｄａｔｘ＝０．

Wangandmlang[2]usingRadontransfbrmdenvedeoqpljdt

eqqOxもssionsofthefimdamentalsolutjons.Duetotheinverse

Radontmn且ｆｂｒｍｔｈｅｆｉｍｄ２ｍ⑨nt21solutioninpludesan

integrandoveraunitcimle・nleinteg陵aleqKpIBssionsaIEgven

by

恥)=*１，割揚志鋤 （17）

㈹=課↓脚言暴雨祭冒
whexcjﾏﾙーE,,"eｼ(x)"‘Ｅ′αKβaα(J')"β副("）andehisthe
unitnormalvecto砥ThesingularpartcanbefhrtherIEducedtoa

closedfbrme］ｍｒもssion・Thestaticsingularpartofthe

displacementhmdamentalsolutionistmｎｓｆｂｘｍｅｄｉｍｏａｎ

ｅ］mliciteq叩配ssjonbyusingtherEsiduetheorEm．

ｒ“
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and”＝EIE,,ａｴもpmjectionopemtoIs，EIiandpcfaｴethe
eigenvectoIsandeigenvaluesofthemamx

ｒﾉ4r4A

LjA=r澱-〒了
(15）

whereｒ〃("1,"2)＝Ｅｐβ'４"β"４．
’IhefimdamentalsnlutioncanberEfbEmulatedintotwo

parts,namelystaticandIEgularpaｴtbyapplyinginte厚Htionby

parts、ThesingularpartcorTEspondstotheelastostatic
fimd2mentalsolmonwhichhasaclosedfbrmsolution､mle

hiゆeroxderfimdamentalsolutioncanalsobesepamtedintoits

singularstaticand唾gulardbmamicparts．恥ｉｓｆｒｇｔ

ｅｑ<prcssedintimeconvolutionfbrmwheuE／(r)isanaｴbi位aIy
fimction

"i′(x-J';')*/(')=昭(x-J'Ｗ)+〃(Jr-刑*/('）（'6）

where昭isthestatichypersingulartermanｄ昭is

thedynamicregularterm・Thefimdamentalsolutionin

separatedfbrmisgivenby

Wherもzl＝ｘｉ－Ｊﾉi＋ﾉﾙ(xi-光)，αﾉﾙ)＝Owithlm(7ﾙ)＞０，ａｎｄ

L＝４ifallわur研ａｴもdjstinct・TheothertermsaｴBgvenby

４ｎｍｄ角、②n団画dhnl血ng

Thegenemlizedfimdamentalsolutionisdefnedasthe

solutionofthefbllowingequatjons

{rR,(6,,62)-p卵；}G‘(x;,)=-Ｍｘ)ｳ(,） （12）

whereGu(x;ｊ)＝ｏｆｂｒｒ＜Ｏａｎｄｒ"(6,,62)＝E",46β64.

G偽,(難,'）isthediSplacementEeldinthe愈一dixもctiondueto

impulsivemechanicalpointloadatx＝Ointhexm-dixもction．

ｑ厨(蕊,'）istheelecmcpotentjalEeldduetoanimplusive

mechanipalpointloadaｔｘ＝oinxm-djｴectjorLGh4(ｴ,,）is
thedjsplacementEeldinthe趣･dj配clionduetoimpulsive

electZicalloadatx＝０．ｑ‘い'）istheelectricpotentialEeld

･洲舛{淵･卿]+c”
(18）



c,‘'一券胴副畷(")log'"'鋤 （19）

and』砿(り)=adj[r,K(1,'7)]，Ｄ(")=det[rpK(1,")］，whem℃both
ar巴polynomialfimc付onsofordersixandeight,１℃spectively・Ｉｆ

ｒ融(1,〃）iswendefned,Ｄ('7)cannotbezemfbrlもal〃・

ThehigdlerorderstaticpartcanalsobeIEducedboclosed

fblme9qlrEssionsbyapplicatjonofStmhもfbrmansm[1]､The

staticpartofhigheroIderfimdamentalsolutioncanbewntten

aS

恥-')雲鼎零)孟細(')急c:州(2.）
ApplyingStmhformalismtwice,thesta位cpartisgivenas

聡(x-,)=L-ulm童q,'帆(x-J,)） （21）

汀ａｓｚａｓｙノー，

where

6ルー(""+L"恥)』頂K(ﾉﾙ)(MjK+z《"《'ﾙ)，ｄノー(1,恥）（22）
ａＤ(恥）

ａｎｄｒ,(1,〃)=Zf,〃z+(Mi,+ﾉM;)"+ﾉVi，wheme

ﾉVjm《＝Ｅ'1K１，ノVjK＝Ｅﾉ,K2，LjK＝Ｅﾉ2k2． （23）

5.NumericalimplementatiDn

hlsolvingtheboundaryinteEaaleqUation(11),Galerldn

pmcedurcisadoptedtorもducethehypersingularityinthestatic

partEq.（11)ｉｓ唾castedintoaweigdltedintegaalsenseby
multjplyingtheweigd1ingfimction,andthenintegFatingoverthe

Observationpoint(EeldpoinO．

【"(州側害Ｉ鎌州券蒜×
（24）

ＩｍＺｄ,log(｡,.(X-J,))△U,(蕪,')迩

十脇(J')心1噸巽-刈蹴△ひ,(悪,')奴
TY1epartialderivatjvesaIEthenmovedtotheweightfimction

andtheGCODsusinginteg『aijonbypartstwiceandwiththe

assumptionthattheGCODsaIもzeminthecmcktip,which
rもsultsto

伽蝿…÷呼緬J1"等り×
（25）

１m加(恥)log(｡』(x-J,))}奴

十I"(y)心脳(x-刈噸△U,(難,')奴
Thetimesteppingmethodisapmcessusedtoappmdmatethe

valuesataEnitenumberoftimesimewaLs・Thus,theboundary

inte醗alequationisthenapprmdmatedbylinearalgebraic

systemofequaljonｓｗｈｊｃｈｃａｎｂｅｓｏｌｖｅｄｕｓｉｎｇｎｕｍｅＩｉcal

method､n1epmperselectionoftheshapefimctionscouldmake

thepmblemeasiertodealwith・Similady,theboundaryofthe

craCkisdisaBtizedinaEnitenumberofpointsandaspatial

shapefimctionischosen.ThevariablesorEeldsintheboundaｪｙ

ａｪもapprmdmatedas
QjV

（26）
AU,(x,')＝Ｚｚ“(抑#(')[△U,]"，

９＝ｌ〃＝Ｉ
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where‘W(x)arethespatialshapefimctionand嫁(r）the

temporalshapefimction.〃(x)arelinearshapefimctions

fbrthisproblemwhilethetemporalshapefimctionis

州士l織蹴’㈹
Thesecondderivativeofthetemporalshapefimctionis

御‘'一聯刈デﾙ，"１側
SubstitutionofEqns（26ｳ･(28ウintoEq．（25）leadstoa

systemofljnearalgebmicequationsas允uows

堂州噸=堂呼△U'｡+堂堂"W;…Ｉ岬（29）

､""=I嫌(州(JMS，

呼綱掌鍔坐L響×
ｌｍＺ{q,(恥)log(‘,．(x-J'))慨

呼…=肱(j,)‘ｊｓ,伽(難-J,,,)聡伽)×‘w(黙)奴（32）

ThetimecommlutjonofEq.(32)canbeevaluatedanalytically

byusingEq.(28)andisgivenas

恥．y,')蕊"(,)=I'恥-",r)"(,｡-雷)｡『

誌|職制”
Sincesimplelinearspatialshapefimctions…chosen，the

integmndsarBevaluatedanalyticanyintimeandspace､Only

therEgularpartwithinteg”ｌｏｖｅｒａｕｎｉｔｃｉｍｌeneedstobe

computednumerically．

6.Dynamic８位B88imen曲『f白cboqF

S唾ssintensity勉ctoIsa工もusedtodeEnethemagnitudeof

thesingularstrもssanddisplacement・Thedynamicstress

intensityfhcto[Bfbranjsotmpicsolidscanbecomputeddirectly

andaxもrdatedtotheCODsmby：

艦鱒噌刈倒
(34）

wherBDisthedeterminantofthecoe伍cientmamx，脚ａｎｄ

ＶａＩもthedisplacementspam]lelandnomnaltothec噸lcknear

thecmck-tip，ｒｉｓｔｈｅｄｉｓｔａｎｃｅｍｍｔｈｅｃｍｃｋｔｊｐ，

ａｎｄｓﾉ,９ﾉ,Ｐノａｴもdetermined釦mthematerialoompliance
m21Tix



6.Ｎｉ】ｍ舗唾ｈ回国iltB

ConsideracmckofEniもelength2ainaninEnitelinemly

elasticsolidsubjectedtoaninddent唾nsientdjlata廿onalwaves

djrEctednm･maltothecmcksuchthat

卿ﾂーー蓋(鐙+c,‘)"(州 （35）

'綱=-型堅(x2+c,’)〃(x2+c,！）
cz2Ki2

wherec,＝､/扇;~7万isthecompressionwavevelocity，
c22=c22+ei2/Kh2isthepiezoelectricallystiffbnedelastic
constant，Poisaconstantwithdimensionstress，ａｎｄ

Ｈ(t)istheHeavisidestepfilnction・Samplematerialsare

takenasPZT-6ＢａndBaTiO3ceramicswithengineering

constantslistedinTablel．

analytjcaloneand2､２５fbrtheprEsentwork．

FHg2THmev圏nationsof△"2/"Ofbr…ckand
anomlalmcidEm唾ofdilH均tinnnlwaveinPZIL6B

１
１

T掴ｂｌｅｌ・Materialpmpertiesofpiezoelectnccemmics．

Tbcheckthenewfbrmula廿onNsaccuracy,thepiezoelecmc

１

〃

〃

△
△

work､Ｉｈｅｄｙｎａｍｉｃｓ症ssintensityfhcborhasasteepcurve

befb唾rEachjngthepeakandthendecmasesｉｎｍａｇ]itudeuntil

itreachesthesteadystatestaticsolution､Onclosere蛭amina付on，

djHbrEnceinvaluesnearthepeakcanbeseenbetweenthetwo

models・n1eanalylicalsolutionhasahi獣1ervaluefbrthe

dynamjcoverghoot・Itshouldbenotedthatthean2dytical

solutionconsiderEdthepemleableelecmcboundarycondition・

ThiscouldaccountfbrthedjHb唾nceinvalues・FbrthePZT･6B，

bothmodelshavethesametimeWheIEthepeakoccurs(atabout

2.25).Whjle允rtheBBmYO3,ｔｈｅｐｅａｋｏｃｃｕｒｓａｔ２５ｆｂｒｔｈｅ

ltshouldalsobenotedthatthep配senttime-domajnBEM

usesthesamee】qOlicittime･steppingschemetothatofour

pxEviouswork,ItisconsidexEdconditionallystable・ＴＹ１ｅ位me

stepshouldbechosenpmperlysothattheB皿Ⅶbestableand

wouldhavequalityrEsults､nDmournumericalexperiences,the

－１０５－

coefEcientsaｴＥＥｴｓｔａｓｓｕｍｅｄｔｏｂｅｚｅｍ,thusdecouplingthe

e錠ctsofmechanicalandelec位icalpart・FHg2showsthetjme

vaｴiationsof△"2/uofbmfthePZT･6B､卿Oisthedisplacement

amplitudeoftheinddentwaveThecrackissubdjvidedinto40

elementsofequalsizec,△r/α＝O05istakenasthetimestep・
P1anestmjnisassumed,TheprEsentwoIkiscompa唾dtothe

prもviousgeneralanisompicmodel(seeT嵐netal.[1]).nlesolid

lineswiththedotindicaｶetherEsultsObtainedhDmT勘ｎｅｔａｌ・

anisotmpicmodelwhjletheunshadeｄｃｉｍｌｅｓａｪEthoseofthe

prEsenttime-domainBEMwiththepiezoelecmccoeE6cientｓｓｅｔ

ａｔｚｅｍ・Bothmethodsshowthesamevaluesofcrackopening

displacements・

TbexaminetheeHbctsofthecouplingofelectricaland

mechanicalparts,thedwnamjcstmssintensityfactoris

deteEmined・FYgs、３ａｎｄ４ｓｈｏｗｔｈｅｍｓｕｌｔｆｂｒＰＺＴ－６Ｂａｎｄ

ＢａmYO3,IEspectivBly,TY1estrEssintensityfactorsarもnoxmalized

withthedivisionbypb､/両.Resultsaｴethenoomlpax℃dtothe
rEsultsofShindoetal.[81．

TheanalytjcalmethodofShindoet・alandtheprEsentwork

showsthenormaldynamjcSmcurve・ThelinecuwesaｪEfbrthe

ana1yticalmodelwhjlethemangularplotsaｴEfbrtheplEsent

１

Ｋ

０

ＦＹｇ３、Nmmalizeddynamics位Essintensi可f嵐ctor
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timestepshouldbejustenoughfbrthesmallestwavevelocityto

traverseoneelement・Aninall,thelEsultsoftheprEsentwork

showgooda厚もementwiththeanalyticalones．

Ｈｇ､４NOrmalizeddynamics睡ssintensityfhctor

fbrBamHO３

7.Ｓｕｍｍａｴｙ

Ａ２Ｄｔｉｍｅ･doｍａｉｎ”ctionBEM允rpiezoelectricsolidsof

genemlanisotmpywithcmcksisprEsentBdinthispaper・The

methodologyissjmilartoourprcviouswodK[1]exceptfbrthe

couplingbetweenthemechanjcalmotionandelecmcalnow､Ｔｈｅ

ｍｅｔｈｏｄＵｓｅｓｔｈｅｔｉｍｅｄｏｍＨｉｎｆｉｍｄ盆mentalsOlutionsfbr

anisotmlpicpiezoelecmcsolidsdelivedbyWangand四1anｇ[２１．

Thismethodusestheconocationmethodfbrthetime

disaBtizationandtheGaleddnmethodfbrspace､Theuseof

ljneartemporalandspatialshapefimctionsmakesanalytical

inte厚aljonpossible・Onlytheinte厚alovertheunitcimleneeds

tobedonenumelically・Ｔｈｅａｃｃｕｍｃｙｏｆｔｈｅｐ[Esentwolkis

ve麺edbyshowingnumelicalexamples・

FbrextensionoftheprEsentwoＩｋ,ellipticalcavitieswould

beconsiderもdandthedevelopmentofthedisplacｅｍｅｎｔｔｉｍｅ

ｄｏｍａｉｎＢＥＭｉｓｉｎｐｍｇＢＳＳ．’Ihedisplacementtimedomain

BEMcaｎｂｅｕｓｅｄｆｏｒｔｈｅｈｎｉｔｅｄｏｍａｊｎｐｍｂｌｅｍ・Ｔｈｅｔｍｃｔｉｏｎ

ｔｉｍｅｄｏｍａｉｎＢＥＭｃａｎａｌｓｏbeextendedtosolvethe5nite

domaiｎｐｍｂｌｅｍ・ｎｌｅｎｅｘｔｓｔｅｐｉｓｂｏｃｈｅｃｋｔｈｅｅ錠ctofthe

permeabilityoftheelecmcalboundaryconditionbycoupling

withthegovemmgeqUa付onsfbrthevacuum.'Ihestudyofthe

eHbctofthechangeintheelecmcalboundaryconditionby

changingthethicknessoftheellipticalcavityisofinteI℃st､Fbr

verythinellipticalcavity§weshouldbeabletoapprmdmatethe

e錠ctoftheelectncalboundaｪyconditjonsonthecmckpmblem．

－１０６－
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