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Recently, the metasurface has attracted attention as an innovative artificial structure that can 

efficiently control various types of waves, including elastic waves. 

However, most of the existing elastic metasurface studies are designed to control only vertically 

incident plane waves, and in particular, they have limitations in controlling waves only under 

limited conditions using hyperbolic phase profiles. These constraints are a major cause that 

makes it difficult to control elastic waves with various angles of incidence that commonly occur 

in real industrial and engineering environments. As a result, it has brought great restrictions on 

its application in various practical applications. 

In order to overcome the limitations of previous studies, this study proposed a new elastic meta- 

lens that can effectively control elastic waves with a wide range of incident angles using a 

quadratic phase profile. The meta-lens proposed in this study have the ability to effectively 

focus and control elastic waves reaching a wide angle (up to 180 degrees) regardless of the 

incident angle, and through this, it is expected to provide more effective and practical 

performance in real-world application environments. 

In this study, the performance of the proposed elastic meta lens was verified through numerical 

simulation. According to the simulation results, the proposed meta lens showed excellent elastic 

wave focusing performance even in a very wide angle of incidence, and it was confirmed that 

the wave energy was effectively concentrated at the focusing point. In addition, the structural 

simplicity and ease of manufacture of meta lenses also emerged as important advantages. 

The results of this study are expected to provide important guidelines for effectively controlling 

and designing elastic waves and other wave elements incident at a wide angle in various 

practical applications. In addition, this study is expected to promote innovative applications in 

various fields in the future as it has the potential for technological development that can be 

widely used not only in the field of elastic waves but also in various wave-related fields such as 

optics and acoustics. 
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