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: Many multiferroic composites, made of piezoelectric and

piezomagnetic or magnetostrictive materials can achieve
much large magnetoelectric coupling than those in single-
phase materials. The magnetoelectric effect in magneto-
electro-elastic(MEE) materials has many potential
innovative applications in multifunctional devices such as
current sensors, magnetic sensors, and magnetic energy
harvesters. This study is to investigate the transient
response of a finite crack in MEE materials subjected to
anti-plane mechanical concentrated load on the crack faces.
First, three useful fundamental solutions were derived and
the solutions can be determined by superposition of the
fundamental solutions in the Laplace transform domain.
Then the coordinate transformation and superposition of
the displacement fundamental solution were used to obtain
the second diffraction wave of the crack tip. Finally, the
Cagniard method of Laplace inversion was applied to obtain
the transient solutions in time domain. The numerical
results were evaluated and discussed in detail.

: magneto-electro-elastic material, finite crack, transient,

stress intensity factor, diffraction wave
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Abstract

Many multiferroic composites, made of piezoelectric and piezomagnetic or
magnetostrictive materials can achieve much large magnetoelectric coupling than those in
single-phase materials. The magnetoelectric effect in magneto-electro-elastic(MEE)
materials has many potential innovative applications in multifunctional devices such as
current sensors, magnetic sensors, and magnetic energy harvesters. This study is to
investigate the transient response of a finite crack in MEE materials subjected to anti-plane
mechanical concentrated load on the crack faces. First, three useful fundamental solutions
were derived and the solutions can be determined by superposition of the fundamental
solutions in the Laplace transform domain. Then the coordinate transformation and
superposition of the displacement fundamental solution were used to obtain the second
diffraction wave of the crack tip. Finally, the Cagniard method of Laplace inversion was
applied to obtain the transient solutions in time domain. The numerical results were evaluated

and discussed in detail.

Keywords: magneto-electro-elastic material, finite crack, transient, stress intensity factor,

diffraction wave
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FH(85)(88) HS()ie AR S A » BEIT T 4oB 3 %77 » A 2> H & §<
g

-1 -1 1 1
A< —= > T</1<—£ ’ 8</1<E ’ Z<A<

c

1
Cbg

I =0O+@+3+@®+®+®+@D+®+@+10: * 7 5 2@z ® @ OH#
pragpE 0 x@+@=0+@=0 2 O+©@ =0 F; §|z[4#iT 0 S(2)—>
12 1InS(z) € 417> 0 -

ST =@ +@+@+ @ kR LA Lo P REIT T =T, +

r-2* rn=R+@® r=0+0-

InS(A) = InS,. (1) + InS_(1)

_ 1 Ins(z) 1 InS(z)
=% dz + — $. —-dz (89)
ERREFAEME o RS, (DES_(D)
L'|'/1 1 2
_ [Cpg 1z _q |k Vz2-e? dz.
S:(A) = |4 - exp {n Jetan [—a(_z) ]z+;1} (90)

c

1
—A 1 2. /07 o2
I 1 A= _ k 2_¢c2 d
S_(A) = /—’ﬁl - exp {; f; tan~1 [—f a(Zz) £ ]—Z_ZA} (C2))
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1 2\[z2_¢2
0. = ey Frant [£7] 2] *
RIO0ONT #1175t
C—+l
S, () = bg 0, (D) (93)

C

S_(N) = / Q-(A) (94)

1995 (80)(B7)#(79)it 7 :¢

= (1—kf2) —
MW,/ 1-—- Cbg/l : S_(A)W_

Vg™ (95)
sZ2(n-21) /1+cbg/15+(/1) s /1+cbgAs+(A)
1
4 F_I_(/D = 1Z—+A y f_’g;g?__gg—r 7| > fg2 5\
(@+1)Q+(7L)

_C44(1 ku) (bbg A)Q (A)_* _ Fy(m)

sZ2(m-21)
_ F)-F () , Fs(D7}
=~ + . (96)

w(96):t ¢ 5 F YR (= DF BB T S PRE 4T ERE
5L 935 aRe(D) < 02 fERIf247 - A £ 5.4 38 £ 58 8] &Re(Q) > —e2 R f2
o Rz R A AT A A T g T AR 0 T 4 (96)5

- f#17 2 % 2 S #<(Entire function) E*(1) - 4o :

= bpg—2A - F.
~Cua(1 - ) 2 o_oywz —

_FLWM)-F, () | FL(DTY _ .
= DOR  BOR gy 97)
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195 % & 232 (Liouville’s theorem) — B &4 T o } rded2f3 475 5 2 = 2
Sfch - BB PR B AP VRV ROTIEW o

EON P 0§ x - 0TPETL(x, ) e i 7 5 2 0(x Y2 wipl 5 0(xY/2) > 1agge
B # 242 (Abel theorem) » |A| » o T 21 F, (D) ez a7 5 2 0(A7Y2) » mw gt = > &
BE ()2 e &ci7 5 5 0(A73/2) o #614 » 4 |A] > oo » % > 3 lcE* (1) i 485 % »

SRAE ) =000 27 @8 40T

_ Fr()~-Fe() | Fs(DT3] _

Jim E*(2) = |MW[ oy D =0 (98)
Fp 1% ()R T L R NTLE WS > ho T

IR S [0

[Ty [mz) 1] ©9)

— % __ Fy(mMvVb-2

w-= —52C44(1-k£2) (=) (A=bpg) Q- (D) (100)
#(99) (100)5F » (41) ~ (43) » I =3 ® & 4 42(55) ~ (60) Bk Bt AL

X TGy > 02 HRT R (e G B Ao R RS 2 a5l

A A AR o T ol

f Fy(mVb-21 1 e—Say+six
s(bpg—2)Q- (D (M—-1)(~C4a) (1-kf?)

w(x,y,s) = dA (101)

CaaAFL (VD=L e SEY+six

-2)0- WD (1-?) T

fxz(x:y’ S) anf(bb

_Cuaky® ARG eyt
(bbg

—)Q-D M=) (~Caa)(1- kfz) (102)

Caa@(A)Fp (VD=2 e~ SAY+six
bg—A) Q- (M=) (—Caa)(1-kf?)

Ty, (x,y,8) = 2mf(b dA
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_ 2 — —sBy+six
. Cuaky f(b BF, (MVb=2 e~SPY dA (103)
b,

9=1)-D =) (=Cas) (1-kf?)

PpAF, (U)‘/b—l e~ SBy+sAx
9= ) Q-W)(1=2)(=Caa) (1-kf?)

D,(x,v,s) = — f o da (104)

—PB(A)F (MVb=2 e SAy+six
bpg—2)Q— (D) (N—-21)(—Cas)(1-kf?)

Dy(x,y,5) = ﬁf( da (105)

PcAFy (Vb= e SBy+six
9=1)Q-D =) (=Caa) (1-kf?)

B.(x,y,s) = — f o da (106)

—PcBA)FL (Vb= e~SPy+six
bpg—2)Q—(D)(N—-21)(—Cas)(1-kf?)

B,(x,y,s) = ﬁf( da (107)

BEAPLRERSARAF]F 0 4 RARF]F - LB RE T EER

R B F1F R e T

B s B TS KD (s) = lim V2mr ,, - (108)
ResEERT: K ()= lim V2rr D) (109)
r— y:O
BRESERT: K (s) = lim VZur B, (110)
r— y:O

d U@ Al QA AR A KGEZT,, Dy~ By F ~ (108)~(110) » ¥ 12
AEERARGIA AR RRTFF R B BR T EER RRER TS 0T

—V2F.
K7 (s) = *“’) (111)

7(D) _ _—V2PgF.(n)
Rip ) = ot (112)
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=(B) _ —V2P.Fy (1)
Ky (s) = —\/5544(1-1(#) (113)

32 A A A AR
Al aald AoajEo pag ] f P R E T R AT
fyz(x, 0,s) =0, —0<x<0 (114)

w(x,+6,s) —w(x,+8,s) = 2e57%, 0<x<o (115)

D, (x,%6,s) — ﬁy(f)(x, +5,s) =0, —oo<x<0 (116)
B, (x,%6,s) — Ey(f)(x, +6,5) =0, —ow<x<0 (117)
d(x,+68,5) —pP(x,+6,5) =0, —oo<x<0 (118)
P(x,+8,5) —PpPD(x,+8,5) =0, —oo<x<0 (119)

#9D, ‘ﬁy(f) *B, ‘gy(f) P PO P YD G - S pd S Y

BT R B ES C T B 0 S4BT 0T o

R iE = (114)(115)5~ s = 3 2 ok 4 > 7

T,(x,8,8) =+T; > —00<x<0 (120)
w*(x,0,t) — W*(x, 07, ) = 2 [(S(;_ll)) + Wi] (121)
He
-1
(S(H)), 0<x<oo (122)
W, —w<x<0 (123)

#(41) 1%~ (115)7 12 18 3]

A= (o) + (124)
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gl A AREE R (4])~(@3)11 % (4O)@AT)Z T jR kAT = s ABC
D,$1D_ ~E,B1E_2 B enbl (38 XA 2 5 B9 (61)FeeBde

T52(4,8,5) = Cpa(—=sa)A + c,(sB)B + c,(sB)C
= +7 (125)
H(66) ~ (76) ~ (T8) & » (125)75 » 1% 7
—Cyq X sA(a — k%) = +7% (126)

#(124) 1% » (126)75 > 19 3]

—Cpy X 5 [(S(;)) + | x (@ = kf*B) = +73 (127)
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¥(127):& 7 Wiener Hopf 452 » &2 & 314 L A jgqp i iv2 » ¥ 77 73 47250

A 2 _ o Caa(1- kf)
Caa(1— ks )>< (,UXSW Ry F(/l) F(n)]

=F, ()7, _ Caa(1-ks®) (129)

(-DF_ ()
H v

Q+() = exp {% f; tan™t [kfz?] ZH} (130)

Fo(D) = W% (131)

bog =7, = 1fkf4 (132)

2(129)5°  F 50 Gy R b = DB TR IR S $5L28

3 uRe(d) < 02 §=Flfats » @ 5L+ L A A eRe(D) > —e2 R 47 - 7+ U
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PR FRE R A(129)5 B A T g PR agEiT 0 wF 4 (129)5% E Y - fR e

z_ % 2 & #e(Entire function) E*(4) » 407

_ _ 2 _* C44(1 kf )
C44(1 kf ) X F_ (;L) X sw_ + n—-24) [F_(/'l) F_(n)]
Caa(1-k *
=F, (V)T —‘”(M’(’ 3 E*(2) (133)

1945 2 ‘&2 232 (Liouville’s theorem) — B 2 4F #-T 6 } kuidsfEir 33 F 2 = 2
Sfch - BV R Rt Yy RATIEW! -

B33P o Fx o 0OTETL(x, s)ieac 7 5 2 0(x Y2 s wipl 2 0(xV?) » 1245
7 B T2 (Abel theorem) » |A| > o T2 F, () ez acis 5 2 0(A7Y2) » mwrgr = >
SIE (M) 2 feact® 5 5 0(A732) 5005 3§ |A| — oopE > pb % > S0 #E* (1) [ ABLTHF

AFAE M) =00 d T @S AT

_ —x% _64-4'(1_ku) _
lim E@= lim |F,@7 - ] =0 (134)

Flot A1 (133)58 7 RN T W s e

5= Cas(1-ks?)(bpg—n)Q- (n)(bbg+A)Q+(x) o5y
+ (- b—nVb+2

(135)

_ v (kPVB-A(brg=m)Q-() g4y
A(s, 1) = w2 =~ RN T A EREY X e (136)

#(135)(136)2 % % w (41) ~ (43) 12 & k4~ 42(55) ~ (60) » ¥ ¥ B3k fopdfd
IG5 y>02 FRT o LRH F- S @5 A SRS 2

M'Jéd\ﬁ@ s ool

f(l kg2 Wb=2A(bpg—1)Q_ ()

w(x,y,s) = 1-)yb=n(brg—A)Q—(A)

X e Say+sixd)  (137)
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_ _ 1 =Cag(1-kp*)saVb=2(bpg—1)Q-(n)
TXZ(x' Y s) = 2nif (-yb-1(bpg—2)Q-(2)

X e—say+slx dl

4 Casks® [ sA(1-ks*)Vb=A(bpg—)Q-(1)
2mi (-2)yb=1(bpg=2)0—(1)

X e SBy+sixq)  (138)

r _ 1 Caa(1-kf?)saVD=A(brg—)Q-(1)
T2 (0,8) = 2m'f (m-2)yb-n(bpg—1)Q— (1)
X e—say+slxd/1

_ Casky® fsB(A)(1—kf2)x/b—/1(bbg—n)o_(n)
2mi (M=2)y/b—n(bpg—21)Q_(2)

x e SBy*+sdxq) (139)

_ _ 1 PpsA(i=kp)Vb=A(bpg—)Q-(n)
Dx(x,y,8) = =5 | T o torg—1)e.

X e SBy+sixq)  (140)

_ _ 1 PesBA(1-k*)Wb=A(bbg—1)0-(n)
Dy(x,y,8) == (-Dyb=11(brg—2)0—(A)
X e SBy+sixq)  (141)

_ _ 1 PsA(1-kf)Vb=2(bpg—n)Q-(m)
Bi(xy,s) = Z_mf (-Db-1(bpg—2)Q-(1)

X e SBy+sixq)  (142)

PcsB()(1—=ks?)Vb=2(bpg—1)Q-(n)
(n-)yb-n(bpg—2)Q-()

B,(x,y,s) = —]

1
2mi

X e SBy+sixq)  (143)
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EF B AR AELT, ~ Dy~ B, ~ (108)~(110) » 7 10~ & @ 3] 24 3|
ARREFF CREHBREFFEER R AR F]F AT

=)~ _ ~(Caa)V25(bpg—1)Q-(n)

K (s) =—= J% (144)
—=(D) —V2s(1-kf?)Pp/b—1

K =

(8 = =, e (145)
— —_— — 2 —

R (s) = U o (146)

(bbg—n)Q-(n)
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Ty, (x,0%,8) = —106(x + WH(), —oo<x<0 (147)
$ERFE4ANFEE - Y AR T F
yz(ﬂ' Y s)=— et (1438)

HA48) &7 - vy > ¥ F

fyz(x' Y, s)=— % o eSAx+h) 47 (149)
(149)3¢ 5 » Sk & ABRA S EnT x> £A =1 FERT 4
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T, =2 [ eSmxesnh gy (150)

Yz 7 omidr,

d(150);\ 7 #F g Jeendfic> @ i - F & RERLAFT L Fp
fg,z‘,g_gﬁesﬂx? VS (101);\?’»{% , ,,_‘E' v »,Z: n = nl 5 A = ’r]z RUCATEN Y fF’ t' ?{j—é/f/ﬁ, t—LA ,%,Lé_
AT R R N MLTE A BT AL E - BT T Y Rk () A A o

e F de T o

f Vb+1n1yb-1;

A
(x,y,s) = yy Caas(1-kg®)(M1-12)

(27'”)2 frm

esnlhe—say+sn2x

X
(bbg—n2)(bpg+n1)Q-(1M2)Q+ (1)

dn,dn, (I51)

FrNy=0 > R e FEFRN A An - R EREFDLAFRL T T
AL ST 01w A 514 A5 R FF (HD~(13)F &~ o e fTdp e 235 3 > T7 W
FlABS DI~ Sk & 2 0% — BHESAR Y P4 R FF LB BARFF

BRER i R FlF A HdeT

€3] _ /
K (t) To f() Vi—t X Re I:\/_(‘L' bbgh)Q+(_ﬁ)] de

x H(bpgh t)+TO\/7XH(t—bbgh) (152)

(D) _ ToPpB 2t 1 VT—bh
KA (t) - 644(1—kf2) m3h fo Vt-1 X Re [\/t—r(r—bbgh)Q+(—%)] d

X H(bpgh = £) + 72 [ x (e ~ bygh) (159

(B) _ ToPc 2t 1 VT—bh
KA (t) - 644(1—kf2) m3h fo Vt-1 X Re [\/t—r(r—bbgh)Q+(—%)] d
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x H(bygh —t)+%fo(t—bbgh) (154)

B o BT APE S 2 B ABE S SR R SRS § B9 By

a4

Betytop BATZ 87 (12 5 5 F BHCE B R £ AR R IE 2 > B(147) Wk B 3
bx=x",y=y o d W aEEHS(X ,y) H 2z @ hw(x ,y)LEpERE

PRI AR - e o FPPF RS- (R BN i dheT o
Ty, (x',0%,8) = 7o8(x" + (I — B))H(t), —c0 < x < 0 (155)

SR ER(155)P B i « P ¥ P o> ¢
£y, 5) = L esitoh) (156)
H(156)7 & 7~ = G #H 7 @

g (X, Y',8) = 2= [ eSMFH=R) g) (157)

211",1

(IST)2 % » S BIET) B o7& 3 enfi > Sh=mo FERP Lk &

Vi (LY, s) = Of es1* gsn(=h) g3 (158)

2mi

PRk B R S BIRTI A BESTA A Ok > = B ARG YDA T o d

(158)7% ¢ 7 2% eS™ 5 @t — e RIF 3l 4 A AR F]PL gt 204 gy e

-\‘“b

TR GAEES > #(10DX 2x=x'~ y=y' ¥ @I HNF 4o
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e—say'+slx'

X
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da (159)
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* B ARG YN R T o TR e
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fr fr Vb+1n1yb-1;

(27'”)2 2 Caas(1-kf%)(M1-12)

eST1(-h) p=sa(n2)y +snyx’

X Gong—m)oagrm)aresary LM12dm (160)

PR y=0 o BHRG PigFde o AT L g AR s e s L &
i3 dp e 13 18 B eh3h B T3 (142)~(144) 38 & ~ (160) 58 52X 5 (7 fpbe 2 35 3% > 7
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% 9
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A

F+ B RR 5 R TS A El4eT L
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KB (t) - _TO 71'3(1—}1) fO m

% Re JT=b(—h)
Vt—1(t—bpg(1-h))Q+(—

- )l dt x H(bp,(I —h) — t)

I-h)

+1, (l s X H(t — byg(l — h)) (161)
(D) _ _ __ ToPB
Ky () = c‘44(1—kf2)>< m3(l—h) fo\/ﬁ
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NFefpita R ER I BRI - LTaBEAka AL a2 B ki Ay
TR AL ERFEE(e>0) AP e Fp g S S T BT AERE o B3R
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(21'[1)2
eSni-h) p—sa(-1n2)y gsnz2(x+D

(bbg+n2)(brg+11)Q—(-12)Q+ (1) dnzdny (165)
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('c) _ _~% f f V2 G(1mz) b+
(2mi)? 'Tyy "Iy Vs (bpg+m1) Q+(1)
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p » (10%kg/m3) 55
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