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Fig. 1  Schematic of an arbitrary location through-crack
at the edge of a nano-hole in magnetoelectroelastic

materials

S Oz b Sy 1 vy 564 84 1) 0 Pl R A 7 1
IF] L 4 ) R R B AR AR

. d . d
s, —is, =C(2r—i 7‘3) 2)
. JIW L IW
Zr*lzo:(’( ar _1r9(9> Rk
Cyyq €15 qi1s
/\EF' C= €15 K11 Tan 7W:[w ® Sb:IT %‘;{
Q15 T an T pH

RT3, = Dy BT RS N T H
Hw FOR BT TAALAS » @ Fan T N HL 3, ¢ R T N
W s 7, F7N ROV F7 D, 3R 1 N LA RS B, 3%
71N THT PN B JE O 538

M P A2 A S B o v R B K RO
FLA AT T8 07 5 BT 2 AU ) AL 7 1l v i 7 ]
PAFR A

W:Re[U(z)]:%[U(z)JrU(z)] 4

S i3, =C di(” (5)
Z

s —is,=ec W 6)
dz

H U =[F(x) &) 0(=)]" R
B, Hoh F(2) . @(2) .0 5 5 4 BF T A7 8%
T 4 o R PR RO R T K

T 00 K I 4 e, 7R 388 4% £ S G-
FTA NS  ORFLII AT A B 5T 2R AR e A
NSRRI e 2 IOSILE o T

W.(H=W,(t) tES) (7
_ M:laii

> 0 90 a@aesS) (8)
3 =CZ3 (9)

Hrt (o, ) =pe” Fm Bk FE 2 T AT B — s AR A
b » C° 227 40 K i B CIR1FL AN 5128 24 280 19 35 1 1 P
SR BUERE B

Z5=75=27M (10)

FE 5 1% 37 ) 8 AT AR

&

Al 1
WIAT: T 5T 27 2 IF AL AM DX I A RS 3 5 i



%13

MRSl R SR A rb R L A T B R i A i * 63 ¢

(G By R S K 3 e AT i
W

z:wﬂjzg{a<}+§5y+$41*%§>{#

e
eiuj 2 76‘“7R 22 emRzJ
Vq&(1+-§ )—+@(1 : )] 165
(1D
_1 1 _L

BT U=[F & O] fEHFFm
(¢ TR YR TF I B B0E K
U = (14

F( “ oo ar
@<g}/%*}m:+k§1{m}§k

2 41 M7 A BRI 0 B0 2k T 78 51 1) A4 19 )
£t

Cp

ool L5l
U (D=2 () y=<A% ¢ (¢ VT RN
lo.o] la)

(15)
JP}(;Y{ JB?I Bill
1
JUWQOI®MQ7[IB?{§+ B%J;g 6
0, B¢ B2,
l (¢ P RN
H[A"  A* A°]'[Bf BY BYJ]" f[BY,
B®, BY, " R BB .
T #Hops 2 G FI(L6) AT 1%
JBlF Ty 1
<B? ::A—iﬁiggfi(:*l D; + a7

IB? ‘BTJ

2 PR 537 2 3K C6) M oK RUE A3 8% 1 A7 AR
SRS AT (8 AT W BUE M 2
BNPSEN URNE

(AFI Bfl
JA® L=JBP L —
[ao] e

AFl JBTI
NS
v l=c|dBr L4

: J : (19)
wel o) e,

(18)

=3

B (17 -(19),15 .

Jill—i(&%eﬁ Cic ]J;il
M

(20)

Bal ‘ *1
I S Ry
B, By

21)
a0 (5) L (15)-(17) . (20) F1(21) , AT 15 fif v 3%
PEBERE N B R s g ek

s —gg[ESo(G o) (o)
J@l
Dy (22)
[

Horp E g = B 5007 5
3 RYRmEEAEEHEERET

3.1 WYUK b FB 58 37 58 B T AR AT AR
FESCHE LI N R EUR I A SRl
G EZ7L S I 1
J K iK'
Kﬁ@#qull1nn<zy+ﬁzl>v§nczzl>
sz

ABy _|_: T AB:
I‘Kfn Y 1K

(23)
Kip +iKf
Kip +iKip o= lim (5, +i5,) 2r (s —22)
[P

24

Hi.x My BRI E.21 =R + L)e“ Mz, =
(RTLye ™ X COMRAX @22, 715 .
Ki HiKi 1

S +e. (O
K HiKip (=S5 E—evC ()
K K

(25)

i Y@ (O —w(Re")
X w (O



¢ 64 - W g 22 4l

2024 45 45 4

JKﬁ?JriKﬁ? 1

Kip +iKfp =

[P

e te _ . —2iCatnd Q N Qi N\t |,
g Eer e e(jre) (o)

lDy Jbiﬁlﬁ) w(g)w’c(uéfe :
By
Hi o (Re*) =0 fil o (Re“ ™) =0. %} (25) il
(26) {7 FH % 00 35 125 D ) 9 K ke g =4 TRT Sy 0 P, AS )
WA T 2ok A M F @R E -« oy
TN

K 1K
K 1K
Kby -1 Kb

(26)

.

g

l:\/;(& +€2) .
J 2/ (Re*)

T
[E—e*%c(%+c)ﬂ (C—S—C)C*l HD”‘ 1

K7 +iKfg
FDy _|_: 17 FDx
Ki” +iKi”
FBy _|_: 17 FBr
m” iK'

I‘: \/;(81_’_62) .
[ 2 /w’/(Rei(n+n))

Tye
[E—e*““ﬂc(%ﬂ;)ﬂ(%—c)/ ] Df;l
B;?’J

(28)
AR L Y PR
III _’_IKIHT
& 0
K +iK
[ vaL' Dy
Kifp ik
VrL By
K iK'
Vrl'ts
K+ iKip-
VaLl'Dy
m +1KI]IJ
VrL By

E X ICH

JK?~> + 1K L
K +iKy =
lKﬁy +iKy'

(29)

K 4K 1
KE +iKf =
K +iK} (

(30)

Hi.L'=R+(L+D/2 £REHBEKE. KM,

A F F A / i F A / Fx
Kr) \Krl N KT‘V N Kl)l N Kl)} \KI)I N Kljy N Kb’z \ KB) N KBI

K 3R B8R 5 A FIE B 15 v 3 37 9
T My sri
3.2 LRI EREFEHRERL
(1) S B RE 5 2 OK FL AT B A 5T 2 8L
Y51 =0.1=0.e5=0.q:; =0 Fl a1y =0 K},
LCDIRAN -
KM 4Ky = N/7(€1+€2)(1

Qia(:f-i /R*Cu) -
2/ @ (Re?)

C5,/R+C,, )¢
(3D
A D5 3CHR[19 14538 —2L.
(2) i v, o A sk 5 L0 AT R A7 BT 2R S L
AN SR B CFLAT S0 1 F 1 B B, B C° =
0, Q27 (28)1EAL N -

KA>+1K““I N T, 1

Ky +iK Vet 1+e %)4Dy b (32
{K;ﬂK { 2 R )B;J |
KP +iKFE

JK%;+1KI l f«.:] ffjﬂ (1fe @iy
P

el
[
F(32) F1(33) Fe7m 1l v B4 Ak o 22 W ROBEFL B AT
7 B R 2 L S BRI 1 L L35 TR 1) A T fi
(3) Fi L sPE A AL BN IR FL AT A6 B B
LSRG 2 KE (=0,KCDEMLR:
K& 41K
Ky +iKp
K +iKf

Lﬁmﬂ) .
{ 2/ (Re")

Ty
[E—e Ziac<%+c)ﬂ(g—c)c‘ ‘HD? l (30)

KO 5k 22 1y 25 - — 2.

(4) i v S0 B4t 25 i oK R FL
8L

MBI =0 H AL
Bl .L=1,X27) Bk W

3 %l i) %o R B

N

LA 2 A 55



MRl AR A P 9K AL AL B A

B o BB AR AT A ¢ 65 ¢

Ty
C)C’l }JD;‘ 1 (35)

E—e (o) (G-

F 35 53k 11 )@= FCE[14] (=211
g IR —

4 BHISS

WA A5 B K BaTiOs-CoFe, O,y H b1 R 5
AR B CFLAR RS0 1 2 T O 3 2.

*®1 Bk RguRREEEs

Table 1 Magnetoelectroelastic constants of matrix material®**
culGh) ers (C/m*) @ (N/Am) 5 (107°C2/Nm®) (102 Ns/VO) 4o (1079 Ns/C?)
44 5.8 275 5. 64 5.9 907
%2 MAREEFEOERRES K
Table 2 Two kinds of interface parameters of nano-defect surface*"
PR i (N/m> el (1077 C/m) g5 (10 N/A) k5 (10715C2/Nim)
I v 0 330 0.03
EHLAH ) 50 . ,

4.1 HBHEEERTFHRSTHAE

Pl 2 7 TG 1k 20 G F 30 37 TR BE A0 oK AL AR
R 78k £k . Horp o0 =4 MPa,D=10 * C/m’, B
=10 * N/Am,L/R=1,//R=0.8,a=n/6. & 2(a)
s B FLR AR RO L i [ 2 i Ok T L AR
7B TC A AN Y 5 R -y g K el
TN K S8 080/ 5 B O s = 4y i K
K E S i N I 8 s T a6t B 2 T8I Sy e 1 % T
Bf KM B, K& B i/ KR K %
W B R WG K, To R N )RR T
SR R, N 2 (D) B R T Oy
FMmm, JC %J%h%%%%ﬁl%ﬂ?ﬁﬁﬁﬁﬁﬁfﬂ
I Bl AL 2R AR R BN, v 43 i K 32 M3
KB BN o o Ko KD #8 W /).
Bt o 2R T Ol s W R E N L R WL B R I o
Ay o B T 28 o S B AR K] 2(o R
B, SR8 2% T Sy R i 3% T IR I ik 48 i JR T 5R JE RF
x My SR B EN RSSO, BELERE R
B,y or i Ky B m A K BN . o 4
K" F1 K Wi /s Jf #a T 2 g gh . sl 210 ok
JE HL 2R T S TGt A IR B B T o Ry Ar it S

25 L fif Pl S PR R — B
4.2 HGMEX#EHEIFEETHZIN

Pl 3 27 JC ik 40 1 L L 37 8 TR 1 Bl 40 K B 2
S E o WAEITZ . c=4 MPa,D; =10 ° C/m*,
B=10"* N/Am.,L/R=1,//R=0.8,R=10 nm.

Hi & 3Ca) AT 1, B A LS00 E o N O 35 2
90°, JC i A N JJ SR F y 4y K B /)N
KE Seid /N G K. « oy ik K& Se B i/ 5
BAAC KT BT 1. B 2 TR AL 4 T S 49 N )
JEDF = F oy F3 5 1) 52 W) e 1 4 oK 4 80
l 3(b) &MWL BEE o A O 12 90° H. R j 2 1
Ji Ry FE HL R TC R N LS S Ty o i K
PESE I, KD 5632 Wi s 2 s/ . G 8 40 HL A S
YA T x4y K 638 W0 1 s R s . K
BRI Tl B 2 T BN R RIS K B )N
K5 5655 8 /N o 36 K 56 38 s/ g 36 m
K sisgim. & 3(c) XU BEE o M O 3= 90°
L B 2 1 ST A LB G A T R 5 R TR T

QEK“EWMM\K“%@¢E%mL%§%%
TR 5 B B T 2 i K SRl S B K R
iwmﬂm%ﬁﬁﬁﬁﬁMNxﬁﬁﬁﬁmxﬁ



+ 66 - W g 22 4l 2024 4F5 45 &

YRR Ky RN, Ky BRRus . 3 KW, SUfiE R 2.
5 4 2% T S0 X TG i 200 i P 7 5 DA T ) 2 2R

P —e— K (GRS BIRIR )
— K ()
- K (FRREHTH)
o KE(Z: ARG BRI AE)
—— KO GREABIOR) K- ()
k(R KE(FRREFTH)
. —— K& (ERERTH)
9 o KP(G IR AR )
— KP (FEH %)
KP (ERERT)
_0'5_
_07.
33— 3 b e o o o e+ + FT——3F 3 _3 33
6 9 12 15 0 3 6 9 12 15
R (nm) R (nm)

(a) TLRAPITBRBER T 2 Fy 538

(a) Dimensionless stress intensity factor = and y component

0.6
0.8 — K (G TR )
0.4 X o K (HEHL F )
i ! = Ky (FERERIE)
: — K R ARE) 0.2 Lot i
—— Ky (R © K (ERGKTE)
0.4 . K (ERGET) 0.0
'34 Q KF (2 YuRE L SRTRIR ) N —
\ —— KB (FEHLRTH) 3] —0.2 B S S . . e e e e S S S
0.2 o KB (FRER)
—0.4f
0.0
—0.6f
o] S = — | e — —
0 40 80 120 160 200 0 40 80 120 160 200
R (nm) R (nm)
(b) ERPEABIGRERF My i
(b) Dimensionless electric displacement intensity factor x and y component
Lo 03 K (AR M)
o KT (FRHLERT)
0.7f 0.1f —— ki (i)
K (2 Hu il i R )
« Ky (T
0.5k Ky (2 o ) —0.1}F =
o Ky (FEFLFITH) SRR
X —— K (EREFTE) .
& 0.3F K (AR WL & —0.3F
| - K (Er )
0.1 ,% (EREETH) —o.sk
—0.1 i —0.7}
—0.3 L ! L 1 —0.9 L L L L
0 30 60 90 120 150 0 30 60 90 120 150
R (nm) R (nm)

(¢) ToH: 4R RN5R B T 2 F0 y 2

(¢ ) Dimensionless magnetic induction intensity factor = and y component

Pl 2 JCEE 44 R a5 DR B AN oK e I RUST 6 78  h £%

Fig. 2 Variations of the dimensionless MEE intensity factors with nano-defect size
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Analytical Solution of an Arbitrary-location Through Crack Emanating

from a Nano-hole in Magneto-electro-elastic Materials

Junhua Xiao'? Yuyan Xin'*?

(! Department of Engineering Mechanics, Yanshan University , Qinhuangdao, 066004)
(* Hebei Key Laboratory of Mechanical Reliability for Heavy Equipments and Large Structures ,
Yanshan University, Qinhuangdao. 066004)

Abstract With the development of engineering technology and materials science, pure elastic materi-
als can no longer meet the application needs of materials in industrial manufacturing. Magneto-electro-elas-
tic (MEE) materials have more complex internal structures compared to classical elastic materials, and the
methods for solving mechanical and physical performance are more difficult compared to classical elastic
materials. Therefore, the mode III fracture behavior of MEE materials with nano-defects (pores and
cracks) is investigated in this study. Based on the Gurtin-Murdoch surface theory and conformal mapping
theory, the mode III fracture properties of MEE materials containing an arbitrary-location through crack
emanating from a nano-hole under anti-plane mechanical loading, in-plane electrical loading, and in-plane
magnetic loading are studied. The accurate solution of the MEE field in the matrix is obtained using the
MEE theory and the far-field loading conditions. Analytical expressions for the MEE field intensity factors
of the tips at both ends of the through crack, assuming that the surface of nano-defects is magneto-electric
impermeable, are given. The proposed method is validated through a comparison with existing research.
The effects of crack location, crack interaction, and the application of multiple physical loads on the di-
mensionless MEE field strength factors are discussed. The results show that the dimensionless MEE field
intensity factors exhibit a significant size effect. The surface effect of nano-defects on the MEE tip fields of
the cracks is constrained by the crack location. The dimensionless MEE field intensity factors are signifi-
cantly affected by the ratio of the through crack length to the applied MEE loads. The results obtained in
this study provide a theoretical basis for the experiments and numerical simulations of the mode 111 fracture
behavior of an arbitrary-location through crack emanating from a nano-hole in MEE materials.

Key words MEE materials, multiple nano-defects, through crack emanating from nano-hole, size

effect, crack location





