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Abstract: 

Mechanical metamaterials are artificial structures with tailored geometry that allow 

unprecedented control of elastic wave propagation. By carefully designing periodic 

unit cells, it is possible to create frequency band gaps in which mechanical waves 

cannot propagate, enabling advanced solutions for vibration and noise isolation. 

In this project, the student will be introduced to the fundamentals of mechanical 

metamaterials and to the numerical analysis of periodic structures for elastic wave 

and vibration isolation. The work will focus on the design and simulation of simple 

periodic lattices (unit cells) and on the study of their dynamic response. Using 

numerical tools (e.g., finite element or dispersion analysis software, depending on lab 

availability), the student will compute dispersion curves and identify band gaps, and 

will relate them to the geometry and material properties of the unit cell. 

In addition, the project may explore quasi-zero stiffness (QZS) configurations, i.e., 

structures whose effective stiffness is very low around an equilibrium position, 

making them attractive for low-frequency vibration isolation. The student will analyse 

how geometric nonlinearity and internal mechanisms can be used to tailor the 

effective stiffness and dynamic response of these systems. 

This project follows one of the research lines of the group “Dynamics and Fracture of 

Structural Elements”, and is suitable for students with an interest in solid mechanics, 

vibrations and numerical methods. At the end of the six-week period, the student is 

expected to understand the basic concepts of band-gap formation in mechanical 

metamaterials, the principle of quasi-zero stiffness for vibration isolation, and to be 

able to perform and interpret simple numerical studies on these structures. 

 

Main Tasks to Carry Out: 

 

- Conduct a brief literature review on mechanical metamaterials quasi-zero 

stiffness (QZS) structures for elastic wave and vibration isolation . 

- Become familiar with the numerical tools used in the lab (e.g., MATLAB, 

COMSOL Multiphysics, Abaqus or similar) for modal and/or dispersion 

analysis of periodic structures. 

- Define one or more baseline unit-cell geometries (e.g., lattice with resonators 

or voids, or mechanisms that can exhibit quasi-zero stiffness behaviour) and 

their material properties. 

- Set up and run numerical simulations to obtain the dynamic response of the 

unit cell (eigenfrequencies, mode shapes and/or dispersion relations). 
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- Perform a parametric study on selected geometric or material parameters and 

analyse their influence on: 

a) the position and width of band-gaps, and 

b) the effective stiffness and vibration isolation performance of QZS-

inspired configurations. 

- Post-process and interpret the results, relating physical mechanisms to the 

observed band gap behaviour. 

- Prepare a short-written report summarizing the methodology, results and 

main conclusions of the work. 
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