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Abstract: A high-precision semi numerical and semi analytical method for interfacial fracture problem of piezo-
electric quasicrystals (PQCs)/piezoelectric crystals ( PZCs)/elastic material composites with notches was de-
veloped. Firstly, the Hamiltonian system was introduced and the Hamiltonian dual equations for the 3-material
composite were formulated. The higher order partial differential governing equations were transformed into a set
of ordinary differential equations. Secondly, the symplectic eigenvalues and eigensolutions were obtained
through separation of variables. The physical quantities were expressed with the expansion of symplectic series.
Finally, a symplectic isogeometric analysis (IGA) coupling equation was derived through combination of the
symplectic series and the IGA. The analytical expressions of the physical quantities near the notch tip and the

intensity factors were derived.
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Table 1  The material constants of PQC/PZC/ elastic materials

C,, /GPa R, /GPa K, /GPa s /(C/m?) dis /(C/m?) Ay /(CY/(N-m?))
PQC 50 1.2 0.18 -0.138 -0.16 8.26x107!!
PZC 25.6 - - 12.7 - 6.46
epoxy 1.76 - - - - -
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Table 2 The variations of the singularity orders vs. Af in case 1
A6
50° 60° 70° 80° 90°
my =1 -0.209 8 -0.243 8 -0.2759 -0.306 0 -0.334 5
M, — 1 -0.013 2 -0.018 8 -0.028 0 -0.046 2 -0.083 7
F3 ML 2 DD A SRR B A A6 1AEAL
Table 3 The variations of the singularity orders vs. Af in case 2
A6
50° 60° 70° 80° 90°
my =1 -0.476 8 -0.481 0 -0.484 2 -0.486 7 -0.488 7
M, — 1 -0.240 0 -0.273 6 -0.304 1 -0.3325 -0.358 0
F4TE 3 REI D A SRR B A A6 YAEAL
Table 4 The variations of the singularity orders vs. Af in case 3
A6
50° 60° 70° 80° 90°
my =1 -0.838 9 -0.852 8 -0.863 6 -0.872 4 -0.879 7
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Table 5 The intensity coefficients at interface 1 ( case 1)

a

1 2 3 4 5
KY 0.949 0 1.042 3 1.058 4 1.049 7 1.023 7
KP 0.011 0 0.012 0 0.012 2 0.012 1 0.011 8
K 0 0 0 0 0
K5 -0.021 3 -0.021 5 -0.021 6 -0.021 6 -0.021 6
K? 0.010 9 0.011 0 0.011 0 0.011 0 0.011 0
K4 0 0 0 0 0
®6 i 2 mERE(EL 1)
Table 6 The intensity coefficients at interface 2 ( case 1)
a
1 2 3 4 5
KY 0.051 2 0.056 3 0.057 1 0.056 7 0.055 3
K? 0 0 0 0 0
Kg 0.000 9 0.000 9 0.000 9 0.000 9 0.000 9
K? 0 0 0 0 0
®7OFHm 1 RERE(EL 2)
Table 7 The intensity coefficients at interface 1 ( case 2)
a
1 2 3 4 5
KY -0.014 5 -0.014 4 -0.014 0 -0.012 8 —-0.009 9
KP 0.007 9 0.007 8 0.007 6 0.007 0 0.005 4
K 0 0 0 0 0
Kg 0.9329 1.028 9 1.044 1 1.031 7 0.994 9
K? 0.011 7 0.012 9 0.013 1 0.013 0 0.012 5
K;’ 0 0 0 0 0
&8 Fim 2R 2)
Table 8 The intensity coefficients at interface 2 ( case 2)
a
1 2 3 4 5
KY 0.000 4 0.000 4 0.000 4 0.000 4 0.000 3
KP 0 0 0 0 0
K 0 0 0 0 0
Kg 0.048 9 0.053 9 0.054 7 0.054 1 0.052 1
K2 0 0 0 0 0
K 0 0 0 0 0
®9 Fm 1 ERE(FE3)
Table 9  The intensity coefficients at interface 1 ( case 3)
a
1 2 3 4 5
K{ 0.058 0 0.075 1 0.076 0 0.073 6 0.073 6
KP 0 0 0 0 0
K 0 0 0 0 0
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Table 10  The intensity coefficients at interface 2 ( case 3)

1 2 3 4 5
K7 0.058 3 0.075 4 0.076 4 0.074 0 0.074 0
KP 0 0 0 0 0
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