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Asymptotic solutions around an interfacial corner can be obtained by the combination of the Stroh formalism and
the Williams eigenfunction method. The H-integral method, which is derived from Betti reciprocal principle, is useful for
analyzing the stress intensity factors (SIFs) of cracks and corners. By expanding these theories for an interfacial comer
between anisotropic piezoelectric multi-materials, we developed the modified H-integral method. This method has
high generality that can deal a jointed corner with various numbers of materials and several boundary conditions on
the corner surfaces. We proposed a new definition of SIFs of an interfacial corner between anisotropic piezoelectric
multi-materials, which is compatible with the definitions of SIFs of a crack in a homogeneous material and an interfacial
crack. The accuracy of obtained SIFs was confirmed by comparing the asymptotic solutions obtained from the SIFs
with the stress field directly obtained by the finite element method (FEM). And we proposed a numerical method for
degenerate materials, which cause numerical problems in the Stroh formalism.
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Fig. 4 A PZT-4/PZT-5/Fused-Quartz single-edge
interface corner polarized along x;-axis.

Table 1 Elastic stiffness C; [GPa), piezoelectric constants
e;; [C/m?), dielectric constants w; [x10-°C/Vm] and
CTE a;; [x10°%/°C] (poling direction: x3-axis).

Table 2 Calculated eigenvalues, scalar coefficients and SIFs.

PZT-4 PZT-5 Fused-Quartz ZnO

Cu. 139 126 785 2096
Co, 778 55 16.1 120.5
Ch 743 53 16.1 104.6
Cy 113 117 785 2106
Cs 256 35.3 31.2 423
s 134 170 0 2048
e, -6.98 -6.5 0 -0.573
ey, 13.8 233 0 1321
o, 6.00 15.1 00332 0.0757
Wy, 547 13.0 00332 0.0903
a, 20 20 055 40
a, 20 20 0.55 2.1

11 1 111 1\Y
A, 0.710 0.539 0.616 0.718
C, 1.04x10" 12.99 0.00 -0.1815
K -2.84 32.55 0.00 7.18x101°
KN -1.69 34.30 0.00 0.2116
Unit: C, ;... MPa-mm" 4w C . Cfm?mm'

K., Ky, Ky .. MPamm®%! | K,,,...C/m?mm®**’

hi-BRAEMEMAT S, ZOBAKIC, —REIE o =
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Fig.5 SIFs calculated from different H-integral radii.
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Distance from a corner tip [mm]

Fig. 6 Distributions of stress and electric displacement
with the distance from a corner tip.
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Table 3 Calculated eigenvalues, scalar coefficients and SIFs.

11 1 111 v
A, 0.420 0.317 0.349 0.282
(o 0.399 -1.33x10" 0.00 -2.25x10*
K 0.05 -0.06 0.00 00654
K, 1.66 -1.92 0.00 0.0649
Unit: C, 4 y...MPasmm' 4o C,, .. C/m*mm'*

K, Ky, Ky...MPamm®"®, K,,...C/m*mm®""®

/4 L2

©

Poling Direction

t~
~
8]

I&

9
Ex
.
3

Fig. 7 A PZT-4/PZT-5 single-edge interface corner
polarized along x»-axis.
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%fB=63435"Th5., ARERBHITHO Ay 2
I3E A 2500, BB 2401, Ay a YA Xl m=
0.0001mm & L 7=,
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HROWE AR, RADEXED 6RO HHERRITT
TORFIZBVWTFEMBRELLS —HLTWB A,
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BHREABOEEMTH 3 AviCT 38 (D) DA
RIEREBTETNHS,

3-2-2 Fixed-free surface FEHTiZAHEM
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Fig. 7 h QDA fixed, QD Eifi#' free TH 535
ArEZD, ZOMOEMFIES -2 1 HERRKRTHB.

b O o (FEM) —_—

o OLFEM) a

500 o D(FEM) [ E

— Alymptatic solution(Qur definition) 50

-4 ic sututi definition =

— il =
il

S £

Q9

= 0 g

8 o

5 2

< ]

L

o

0.0001 0.001 001 0.1
Distance from a corner tip [mm]

Fig. 8 Distributions of stress and electric displacement
with the distance from a corner tip.

Table 4 Calculated eigenvalues, scalar coefficients and SIFs.

I I 111 v

A, 0394+400119; 0.394-00119i 0.389 0432

C, -3.29+5.73i -3.29-5.73i 0.00 0.0882

K 227x10° -184x10° 000 ~7.04x10°

KY, -6.76 21.03 0.00 0.1800
Unit: C i y...MPamm" 4o Cpy ., .C/m*mm"*

K,, K, Ky...MPamm®®" | K,,,...C/m*mm®¢"!
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Fig. 9 Distributions of stress and electric displacement
with the distance from a corner tip.
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B@LPTY, Thid, RRMBERER X /7 —HREH
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Table 5 Calculated eigenvalues, scalar coefficients and SIFs.

3-2-3 Fixed-fixed surface X TIZABER
DER G M fixed-fixed THBEDT, BHEFLELT,
Fig. 7H0Q@, @D kifiA4tic fixed TH 3BAEE L
5. TOMDOERHIES -2 - 1 EHEFARTHS.

BTRRE L TREANEREE 27 7 —RE, bV
MEHA &3/ & =B AFRE K Table 5 2R,
oI, ZORERI VKD, Fig. 7 hOBEOREIC
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DEERD -EROKEKE Fig. 101277, RL4DESR
BIXTOREREHERS EBITETWBDITHL,
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3 -2 4 Bonded surface i EFNLE LT, Fig. 11
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Table 6 Calculated eigenvalues, scalar coefficients and SIFs.

)1 I HI v

A 0.992 0.961 0.968 0.601
C, -0027  -6.59x10™" 0.00 ~-2.66x10°
K, 0252 -0.666 0.00 0.3666
KN, 0271 -0.325 0.00 0.3666

11 | 111 v
A 0.871 0.672 0.767 0.835
C, 1.74 1.24 0.00 -0.0018
Kt -2.25 3.11 0.00 0.0016
KN -0.54 6.27 0.00 0.0694
Unit: C, y; y...MPa-mm'4em C . C/m*mm'

K., Ky, Ky... MPa-mm®*®, K,,...C/m*mm®*%®
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Fig. 10 Distributions of stress and electric displacement
with the distance from a corner tip.
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