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Fig. 12 Conformal transformation from the exterior of the lip-shaped orifice with two rips

to the exterior region of the unit circle
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The Anti-plane Shear Problem of a Lip-Shaped Orifice with
Two Asymmetric Edge Rips in the One-Dimensional

Hexagonal Piezoelectric Quasicrystal Material

Huaimin Guo' Guozhong Zhao' Guanting Liu® Lijuan Jiang'
('College o f Mathematics Science , Baotou Teacher’s College , Baotou, 104030)

(?College o f Mathematics Science s Inner Mongolia Normal University, Hohhot, 010022)

Abstract Defects play a crucial role in understanding the physical and mechanical behavior of materi-
als. In this study, the fracture problem of an infinite one-dimensional hexagonal piezoelectric quasicrystal
material matrix containing secondary asymmetric straight cracks with lip-shaped pores is investigated. A
defect mechanics model of secondary asymmetric cracks with lip-shaped pores is constructed for the first
time. Utilizing conformal transformation technology, a conformal transformation formula from an infinite
region containing secondary asymmetric cracks at the lip on the physical plane to the outer region of the u-
nit circle is built. Using the complex variable method, analytical expressions for the field intensity factor
and energy release rate at the crack tip are obtained. Under given conditions, these analytical results can
be simplified into solutions for other defect models, such as secondary single cracks at the lip and seconda-
ry symmetric cracks at the lip. At the same time, they can also degenerate into the solutions of classical
Griffith cracks and lip cracks without secondary cracks. Numerical examples reveal the effects of defect
size, particularly the lip height and crack length, on the field intensity factor and energy release rate. The
results show that increasing the length of both sides of the crack promotes crack propagation, while in-
creasing the height of the lip inhibits crack propagation. These findings are consistent with the conclusions
drawn from theoretical analysis. When the length of the secondary crack on one side of the lip is zero, as
the height of the lip increases, the stress intensity factor and energy release rate at the crack tip on the oth-
er side first increase to a peak and then gradually decrease, eventually stabilizing at a constant level. The
research results presented in this paper can contribute to the development of a theoretical framework for
material fracture mechanics and provide technical assistance for nondestructive testing, reliability design,
and optimization of piezoelectric quasicrystal material equipment and components.

Key words piezoelectric quasicrystals, lip-shaped orifice, field intensity factor, exact solution, ener-

gy release rate





