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Abstract: A Mode-11I crack inclined to rfect interface in piezoelectric phase of a bi-layered toelectric
composite was studied. A coupled int%f ial imperfection model was proposed to characterize '@mperfect inter-
O

face. Fourier integral transform

applied to reduce the condition on the crack surface to ular integral equa-
tion, which can be numerica solwed by Lobatto-Chebyshev collection method for t @ intensity factor(SIF).
The effects of the intcrfaci" > perfection parameters, material constants, layer ‘ Ss, inclined angle, distance

between crack tip-a and interface on SIF were systematically discussed. Seve relusions are yielded: the mechan-

ical imperfection can enhance the SIF independently, while the magnetic tric imperfection can reduce the SIF

only through its coupling with the mechanical imperfection; the mechanical-magneto or mechanical-elec-
ion coupling does not affect SIF in any case;

the SIF can be reduced by changing material constants. suchy creasing the shear moduli of piezomagnetic layer,

tro imperfection can reduce the SIF, but the magneto-electro ¢ %
g
decreasing the shear moduli and dielectric coefficient asing the piezoelectric coefficient of piezoelectric layer;
the variation of SIF versus inclined angle or dista@ een crack tip-a and interface can be influenced by interfacial
imperfection; increasing the thickness of piezomagneétic or piezoelectric layer can reduce the SIF in a finite interval.

Keywords: magnetoelectric composite; imperfect interface; inclined mode-IIl crack; Fourier integral transform;

singular integral equation; stress intensity factor

YR BEE: 2017-12-19; FABHE: 2018-02-07; MK HARKE: 2018-02-10 14:00

W 2% AR 3E : hitps://doi. org/10. 13801/j. enki. fhelxb. 20180209. 004
E&TB: IR ARSI S (11372227

BIRAMEE: KT, Wi, 802, BFoE o e dEA BHY 12547 F E-mail: wanyp@ tongji. edu. cn

IR XNED, AT, &A5ERF WK # RS MR RS R )] 28R, 2018, 35(12) ¢ 3474-3486.
LIU B H. WAN Y P. An inclined crack in the bi-layered piezoelectric/piezomagnetic composite with imperfect interface[ J].
Materiae Compositae Sinica, 2018, 35(12): 3474-3486 (in Chinese).

Acta



KDL F . 5 AN5E 3 S ARG L S A b R BURE L 4 ) R

e 3475

il L 55 Rty T R AR R 6 R 3
IR T 205245 T GG — T U BEATRE . X BB R L AT
PASEEL Ty R WA CEL PR A DRI AR B3 B
VRS IS R R TN e B S S oY e SRR v R S R o
S R b, A AR A B R T A Y — 2
BRFE . AL L RECER R S 51 R S S AR
(9 IR0 DRIt X ik v 52 Rk BB 2R ) 2 A D B O
B A A

UTAF R . — S8 3 0 i L A2 A B R BT 2R
F7 R AT THESE, 22 A 95 I Fourier #4
AR AR AR 73 07 REIE SR it T L BEME L TR FL T )

Bur . e T R R T SR T
‘E%%§§§;%@M%@owm%”H%T
FE 00 AT J2 - 7 26 25 1L, IO 4% P
45 15 o, S P T 22 5 A A S LR s
éﬂﬂﬁﬁ%&ﬁ%#%%T%ﬁﬁ%ﬂﬂ%}
B L6020, 7840 T AR 0 69 2 B Lo % 2

Q
AN P

N
§é$§asmm%mo
Yue SEUBESE T A6 L SO #EE T RE R 2
AR T R B PE Yoff B35 ) 2 40 8, Tian
SEIWREE T R R H A MR JE M SR L B0T T
[, DA BIF 5 3 4 ST 7 R H 52 b R L T 2
FREBLT s SRIMAT 22 5 IA g 4 0 2 6 b REER T 461
T T2 A DR A A R I BT AT RE 2 A TE A5 R
%,ﬁ%ﬁﬁﬁmﬁ%%ﬁﬁ%%W%ﬁﬁ\
Liu S8 A0 v 52 4 B L A 22 18] i 5 TR SR
MHEBE, PSS AATE R i AL m A, 3l 2 X)L
] S H A RSB ITE . AU 248022 18] 1 AH B
S ML SO T R T LA — AR T S H
A7 X R A R L AR T A ABE A, L ST 4
AR IR SE S B B R AR R A P SR B R
T FAT 3 B M WA R R I B B AT T AR
I3 TR 5E 26 BT SO0 fE BRI, Li
SR RIS B i R 4 B RV T ) A Y S AR P OR
FT A7 VR R R AR 58 36 FLiE , A3 A T P AH B R

S

T A AE — VAT T AR 58 5 i i R80T 6 4> S i
SO BEBCIR B O T3 9 EE RS, SCHR [16-17 1)
T SCALHE N Green pRECE M T HBG BUASE 5
B i) AR B 12 L RS0 - 1 )R, 3 o A T RE AR
TR B 5 T 2 B0 5 2 4 1T A 58 96 S TRIA SREL Y
S

FI A SCHK o 258 5 2 58 56 A g i 2

SR A TR A BE AR 2R B ) R A R0 . AR SCR
ORNSE AR A FLTARE R, R JH AR A8 e Rl 2 S AR 23 5
REITEWISE T W2 L/ W 52 45 B4R v v AR A
e 55 B0 AT A R SO TS B R B 1A
BEHEINT . FLE S8, JLT S EORR RS B 2
Loy SIF (R0

1 [0 BR # ik §§
GG ﬁm%%%ﬁ%ﬁﬂ@ﬂ%ﬁmﬂl
SRR 2451 B o BT JE
ﬁﬁﬂﬁé%,E%EWﬁéﬁﬁﬁmeﬁE%%
ét@@%ﬂmm%ﬁmﬁﬁzmﬁm,ﬂﬁﬂﬁ
%§§W¥EW%%%$,%%ﬁm%%y%Em,
2B AR R ST B T

. dJ
}’;”ZTWJ»,(]'ZLZ;X:x,yor 91 (1D
(X O
T;j):Mle',Xs <]:19 Z;X: r.T19y1)
@ 2)
v . °)
g ar .
i rall IR \ (3)
9
(71’_(]’>
Iz, 4)

+%§§’L1LZ)
ﬁ§§%,2%%%E%EﬂE%E;n[nw

t,=[7r,.. B,» D, " w, =[w, ¢, ¢]"
BRI R s, I A R .
H,. E, #5875, MM o, B,. D, £
B L R R R B o g o DA 9 22
TRRRS . BRI MR R BUE R T

cil Okt Oyetd
M, <8thy — uf? 0 ),(j =1,2) ()
08P 0 —ey
FH, ;. 8 N Kronecker delta BR%L,

B, K@ XORAKX TR
viw, =0, (=1, 2)
K, V2O YRR R TR

BB V9 AR b 22 ] 1) AT 2 ) L H L R o

(6)



+ 3476 -

EAMBIER

. H =32 Z A e AR AR . AR 5 T A 58 56 4

AR B A

" (x, 0) =1 (2, 0) (7
" (2, 0) = alw (x, 0) —w,(x, 0)] (8)
Et,j b

arcs ay b aseis
o= la Y —a il —asdiy

aseﬁg) 6d(0) 255(1))

KO HF ), ayy as TEFRAEFIE S22 RE
S3E PERE
RT3 RN 58 6 B E, B R E 2% 2

SN T TR (0 N A B %IE@
B2 YR TCBR O 15 B T %T* ﬂi‘i ais

W
%M§§%@&%amﬁ@@%a 74 i
I 1 é@ W] 7 5 2% L3 S 21T F

D;D(I’ h[) = Oy D'(\,Z)(x9 _hg) =0
T;,i) (Ils O+) = T;i)(Ila 07)7 A e (%’ Ce)

w (s 07) = w (x5 0
o (21, 07) = ¢ (x5 0D, € (0, hyesed) (12)
o (215 0") = @ (xs 0D,y 21 € (0, hycsed)
(s 0) =0, 2, € (a, b) (13)
R 2 1 o) R %) 22 B, b ks n) R AT LA R
LU PN F IR &N . (o MR FEFE RS, 52

Ay

3 S S S S B O B 7%

@ ® @ ® ® ! @ ® ®© © o

N hy oo b X
Piezoeletric layer a
0 h\')
Imperfect interface 0 x
Piezomagnatic layer
-h,
T_® ® ® WW
L
B 1 & A58 FUIm 19 g v 526 b MR 2L

Fig. 1 An inclined crack in a bi-layered piezoelectric/

piezomagnetic material with an imperfect interface
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