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1
. 1- b ,
. 2b ( d- b ,
- b/d(d> b> 0) ), hi ha
,b h1  ha ,
, @ . w&i)(x,y,t) ﬂgi)(x,y,t) ng)i)(x, y, t)(i=1,2)
, Wid(x,y,t) Di(x,y.t) B (x,v.t) (k= x ysi= 1,2)
1 , i(i=1,
2) s wf)i)(x,y, t) d’()i)(x,

y, t) lbsi)(x,y, t) T(zl%(x,y, i) Dgcf))(x,y, t) B(ké))(x,y, t) :
[0 (x, . 6), 87 (x,y, 1), W (x,y, 0), Tid(x, y, 1), DI (x, ¥, 1), BW (x5, 1)] =
[ (xoy )y 8 (x,y ), O (o, ) T (2 y ) DI (2w ) BEY (2, ) e (1)
[10]
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2 ? 2 ’

T (x,00) = T(x,0)==- T, b < oxl <1, ,
TV (x,00) = T, 0 ), wV(x,0) = w(x,0), lxl> 1L | xl< b, (2)
dVix,00= #7(x,0), DV (x,0 = DV (x,0),
bMix,00= ¥ (x,0), BV (x,0) = BY(x,0),
T/ (x, hi) = T (x, = ha) = O,

DV (x, )= D (x, - ha)= 0, |l xl< oo (4)
BV (x,hi) = B (x, - ha)= 0,

w'(x,y)= w?(xy)= 0

lxl< oo (3)

$V(x,y) = ¢ (xy) =0, (x2+ y})"? 7 oo (5)
Lb(l)(xv y) = Lb(z)(x» }/) = 07
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(1 ) BV 1 y By (U,
W = cide” 7, el = elde” Y, el = e’ 7,
v (y By (1 y BV, 1 (! gy m,
gty = gise” 7, dlt = dile” 7, WP = Bile” 7, PV(y) = pole”
(2) 2) By 2) (2) By 2) (2) By (6)
cy = cMée s egs = els0e }, 811) = 166 },
2 _ (2 87y 02 2 By 02 ) )
off = el = a0 = w9 = A

0445 e 8{10 qié & diig wiiy By

Ty = czu)w(f;)+ el <I5() + qf” lbm

(i L i i
D) = effw'i - & #i - at oY, k= xy;i=1,2. (7)
BY = ¢l — a\W i - mi el

o A (i) i
c%[.-'zw(‘) + BV Ow ]+ elf)[ 2, B LR +
Oy Oy
. . . (i) . .
qf%[.-"%”) L pY 584’ } O
Y

N A (i)
R A eq;z{ g, 0 2 ]
y
. . i 8)
il 200 (i) 0 (
diig] e g S—| = o
D ,
)| 2 ) 0w’ T : aqb(
i I R T T T
(| 2400 g M
Hi 10 o'y B =
o )= 0
0 P () = q))a_(_Lin %)52(141”(96 ye'™) o 5_2+ o
o o’ T a0yt
aplace
, 0Sx< 00— h Sy< h
(/8) Fourier
2 [ _ .
wV(x,y)= EL [Ai(s)e 17+ B1($)ey')7]cos(sx)ds,
2 [ NN
$Vix,v) = abtwV(x, )+ Ejo[cl(s)e 54 Di(s)e™  Jeos( s )ds, (9)
2 [ U
OV (x,y) = alw "V (x,y) + EJ-O [Ei(s)e nry F1(.s)e%l))/]cos(sx)dls,
N
2 2 2 EVEDS
w()(x,y): I[Az(s)e"+ B s)e 't VJcos( s )ds,
2 : 2 [~ 2) 2
$(x,y) = a?w® (x,y)+ EJ‘O[Cz(S)eY2 Y4 Dafs)e 2 7] cos(sx)ds, (10)
! 2 @ )
0P,y )= ab?w(x, )+ EJ‘O[Ez(s)eYZ T+ Fofs)e Ygzy]cos(sx)ds,
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Ai(s) Bi(s) Ci(s) Di(s) Ei(s) Fi(s) Aa(s) Bas) Ca(s) Das) Eofs)

2

g BUe JBr asTo oel o BVs [T a8
1 - 2 > 2 - 2 >

= JupUse” C MY = clib+ ab el + ol gl
abl) = Uiideish— diidgish ) B qis0 € = diig elsd

T R T
Ve B 4 JB(2)2+ 4 52— /3 4 - B2 . [pP7, 442
1 = 2 ; — 2 ’
¢ = fu{)Z)/ oY LW = B aP B o
a(z)_ 6’155— d'ibq ' e 1% € — diip eldd
’ 5 B- dR > " g - din®
(7)
(
o0 ) (1 (‘1
T (x,y) =~ 26 HeY v{VrA 1(s)e_yl)y— Bi(s)e" y]+
( -
I Ci(s)e T 2 Difs)e ) 4 g MY E(s)E
F1(3)6Y2 }]}Cos(sx)ds,
1 26" 0l ) S
DYV (x,y) = . Y%l){elllé[Cl(S)e 2 Y~ Di(s)e2 Y]+

. n
di[Ei(s)e 27 - F1(s)eyz‘y]} cos( sx ) ds,

By poo ‘ (v, 0
B (x y) = B [Tt - Dags)e
(1) —Y(l’y _ Y(jl)}' )
Llllo[El(s)e 2 Fi(s)e2 "] cos(sx)ds,

(2. NG
T (5, y) = 2e j{u(z) gz)[Az(S)evl’;_ Bof s)e yl(/),]+
) v, 2) (2
e YEZ)[CZ(S)G . Di(s)e g T+ g BIEAs)e -
(2)
Fa(s)e ™ y]}cos(sx)ds,

[_3,(2)Ay

(2)(96 y) = - J.o Yz(z){ﬁﬁé[ Cz(s)eygb" - Dy(s)e Y(zby]_,_
B Es(s) € = Fa( )€ "2 ") cosf sc)ds,

5(2)}/ o ) (2
e[t Cas)e ~ Daro e g4

Bg'Z)(x’ Q”) = -

2) (2
Wi/ Ex(s)e " — Fa(s)e y]}cos(sx)ds.

f(x)= 1;;(1)(x,0)— w®(x,0).

(9) (10) (17), Fourier (2)
Ai(s)+ Bi(s)— Ao s)— Ba(s) = f(s),
ab’[Ai(s)+ Bi(s)] = ab?[As(s)+ Bafs)] +

(4)

Fa(s)

(11)

(12)

(13)

(14)

(15)

(16)

(17)

(18)
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Ci(s)+ Di(s)— Cofs)— Dos) = 0, (19)
aV[Ai(s)+ Bi(s)] — a'?[Ax(s)+ Bafs)] +
Ei(s)+ Fi(s)— Eaf(s)= Fofs) = 0, (20)

WY WA (s)e M= Buls)e M)+ e UG s)e S e Difs)e’s M)+
GBI E(s) 6 = Fifs)e M) = 0, (1)

€ Ci(s)e 2 o D)™ M)+ dilEr(s)e S Fi(s)e = 00 ()

A Cifs)e B Dafs)es M+ WHIE(s)e W s Fi(s)es = 0, ()

WY P As(s)e o m Ba(s)e o) 4 B Cof s)e " Tm Da(s e M) +
GB Ea(s)e 2 e Fas)e™ 2 = 0, (%)

6/ Cals)e W B Dafs) s o)+ AR Ea(s) S Fars)e = 0 (25)

AR Co )€ 5 Tem D5y o] + MR Eofs)e 2 Tam Fa(s)e By = 0. ()

Fourier . (11) (16)

(2) (3) :
{us” ViVIA(s) = Bi(s)]+ YA eS8 Ci(s) - Di(s)] + '8V [E(s) -

Fl(s)]}+ {u()z) V¥ [A2(s) = Ba(s)] + B[ Co(s)— Dafs)] +

g% [ Eas) - Fafs)]}= 0, (27)
W el Cis)= Das)]+ diWTE(s)— Fi(s)T}s
V€L Cof )~ Dafs)] + dif Ea(s) ~ Fa(s)1}= o, ()
ng{dﬁé[cl(s)— Di(s)] + W/ Ei(s)- Fl(s)]}+
A Cof ) = Da(s)] + WRIEAs) - Fafs)]}= . ()
(18) (29 12 12 Ai(s) Bi(s) Ci(s) Di(s) Ei(s)
Fi(s) Ax(s) Ba(s) Cos) Dos) Ex(s) Fos), (2) (3)
%Jof(s)cos(sx)ds: 0, x> 1;,0< x < b, (30)
%L gi(s)f (s)cos(sx)ds = - T, b <x <1, (31)
gi(s) s . , gils)
Slirggﬁs)/s: a, a , of}
By B (club, efst, €16, qish, dlo, Wi, 67) = ( ciib, el
€, ¢i%. di, M, @) ar=- chi/2. f(s),
(30) (31).
3
Schmidt 1] (30) (31),

R wavyl = (1+ b)/2| || (a=(1+ b)/2)% "
Sz Qb [ (1= 6)/2 ][1 (1= b)/2)° ] ’
b Sx <1, (32)
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fla)= wV(x,0- w?(x0 =0 x> 1;0< v < b, (33)

bu ,PY2VY k) Jaobi 2 (32)  (33) Fourier (13
S 1 1-

f(5) = 2hFGls) —Jm[s 21’], (34)

_%L
Po= ZJTTF n+ 1+ 1/2

(_ 1 n/2 [
Gu(s) =

] n= 0,246, ..,

I(x) Ja(x) Gamma Bessel
(34) (30) (3D (30) ) (30)
[b, x] x
“_Z‘]),IFI 2g1(S)G (s )Jn+1[s I_Tb}[sin(sx)— sin(sh)]ds =
- Tox- b), b <x <1 (35)
(35) Schmidt'” b [ 14]
[17],
4
bn 5 .
, T, b, B.
il niY BV

Wi 0= T 0= = ZbF_[:o l_gl(s)Gn,(s)J,,H[s 1‘71’} cos(xs)ds,  (36)

DV (x,0) = D (x,0) = = anFnj —82(s) Gu(s)nr1| s I_Tb] cos(xs ) ds, (37)

n=

B;('l)(x,O) = B;Z)(x’()) = E;:b"F"J-o ?g3(s) Gu($)Jne1] s 1_Tb] cos(xs )ds, (38)
ga(s)  g3(s) s ; ’
g2(s)  g3(s) . ljmgz(s)/s = 0, s_ljmg3(s)/s = 3 0@ O3

(clid, efso. €ld, qisd, dhid, 14d, V) = ( chid, e,
€, ¢idh, di, Wi, 067) L o= eld/2  wm=- gisi/2.
(36) ~ (38) (x> 1
x < b):
Te 3 2P box), D= T I BFH(bx),
(39)
p= = ZbF,Hn(b %),

Hybu) = VT R(bx ), 0< x< b,
T RO, s 1
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R(b,x,n)=
261- b)™!

JTe b= 2x1%- (1- b)2[| 1+ b- 2x |+ J| 1+ b 2 17— (1= )2 ™"

K1, Kt
a
Ki= lim J2(b- x) = /(1_ b Z'/ 1)"bakn, (40)
x b
kb= tim 0= D == F |72 Si- vnk= 2K, (41)
x b -
KP= lim J2(b- x)B=- 2 / Z[ 1)"boFy = 2Ky (@)
Py n (1_ b) n=0 ap
Kr K
KR: llm 2(%— 1 al , 1 b anFn; (43)
x T - n=
Q.
KR= lim J2(x- 1)*D=- 3 / anFn: akn, (44)
r -
B / [of]
Kg = xllrln Z(x— 1) 1= b) anFn— CthR' (45)
[16] [17] , Schmidt (35),
10 : . =1
chib = 44.0GPa, ef¥ = 5.8 C/m’, &b = 5 64 % 1(r"c2/(N- %), qi3% = 275.0 N/ (A *m),
dilf= Q005x 10°Nes/(V*C), W} =- 297.0x 10°N-s¥ 2, 96“_ 1 500 kg/ m’;
-1
b= 340GPa e/ = 4 8C/m> €= 4.64% 10°CY (NomD), ¢id = 195.0 N/ (A * m),
A= Q004 x 10 Nes/(V+C), Wig= - 201. 0x 10 °Nes7C, fb” = 1000 kg/ .
B(i= 1,2 - 20 2.0,
2 9
(1) [7] [ 8] ;
, [ 7] [8] ,
) [ 6]
[ 8] ,
(ii) (40) (45) - - , 2 4
, 2 4 )

(i) | ;
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KL/ To

KR/TO

K/(To‘/_l)
e e 54 - -
94 ® v o =

(=)
P
N
W
»
w

=

hy
2 hi
(BYV=03b=0.1h= 80,B%=
0.4 ©/ci= 0.3, -1/ -1
4.5E -9
KE/Z'[)
& 4.0E- 9
e KB/7o
X
% 3.5E-9]
3.0E-9]
0 1 2 3 4 5 6
hy
4 hy

(BV= 0.3 b= 0.1, hy= 80,B?% =
0.4 ©/¢c= 0.3 -1/ -1
10— :

K /7o

0.6
KR/TO

K/(zod1)
=)

0 0.5 1.0 1.5 2.0 2.5
(u/c]

6 W/ ¢y
(BY = 0.3b=01h=20B8%Y=

0.4 o/ci= 8.0 -1/ -1

, 2 5
(1v) 6 :
W/ ¢y = (.65

?

HE- II—————————————
R 10E - 11 Kz,
|;°9E 11
;:, KR/'Z‘()
X 8E- 11
7E - 11
0 1 2 3 4 5 6
hy
3 hi
(BYV=0.3b=0.1,hy= 80,8?% =
0.4 w/c;= 0.3 -1/ -1
1.1 KL/TO
1.0
=
3()_9 Kr/ 7o
M
0.8
0.7
0 1 2 3 4 5 6 7
h,
5 hy
(BY=0.3b=0.1h = 600B%=
0.4 ©/ci= 0.3 -1/ -1
0.8- (—KL/TO
S 0.6
S
2 0.4
KR/TO
0.2
0 02 04 06 08 1.0
b
7 b

(BY = 0.3 hi= 2.0, hy= 80,B% =
0.4 &/ ¢ = 0.3, -1/ -1

hi> 4.0 (i= 1,2

W/ ¢; = 1.25.
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&> 1.25 s ey = 1.7
, ) 1 ,
1.04 ‘ l ‘ ‘ l 1.0 )
KL/T() KL/‘L'()
3 3
£o.3 0.8
= o
KR/TO KR/TO
0O 1 310 1 32
g p?
8 pey 9 B2
(b= 0.1, hy= 20, hh= 80, B% = (b= 0.1, h = 20, hy= 8.0 BV =
0.4 ©/¢i= 0.3 -1/ -1 0.3 ©/¢c;= 0.3 -1/ -1
(V) 7 ) .
(vi 8 9 BYi= 1.2
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Dynamic Behavior of Two Collinear Interface Cracks
Between Two Dissimilar Functionally Graded
Piezoelectric/ Piezomagnetic Material Strips

ZHANG Pei-wei', ZHOU Zhengong', WANG Biao
(1. Center for Com posite Materials and Structures, Harbin Institute of Technology,
Harbin 150080, P.R . China;
2. Schodl of Physics and Engineering, Sun Yat-Sen University,
Guangzhou 510275, P.R. China)

Abstract: The dynamic interaction of two collinear interface cradks between two dissimilar function-
ally graded piezoelectric/ piezomagnetic material strips subjected to the anti plane shear harmonic
stress waves was investigated. By using the Fourier transform, the problem can be solved with the
help of a pair of triple integral equations in which the unknown variable is the jump of displacement
across crack surfaces. These equations are solved using the Schmidt method. Numerical examples are
provided to show the effect of the fundionally graded parameter, the circular frequency of the incident

waves and the thickness of the strip upon stress, electric displacement and magnetic flux intensity
fadors of cracks.

Key words: functionally graded piezoeledric/ piezomagnetic material; interface crack; stress wave



