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PhD topic description:  

Kirigami, the art of cutting, by analogy to origami, the Japanese art of folding, can 
be used to structure thin plates in a highly complex manner. Such strategy has been 
implemented in statics to induce new and extreme mechanical properties to plates, 
cylinders, spheres etc [2].


Kirigami examples from [2]
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This structuring can also help designing materials achieving some important effect 
on waves, such as dispersive and nonlinear effects. The aim of this PhD topic is then to 
study how waves propagate in several types of plates structured by cutting, and look for 
interesting dispersive and nonlinear effects that could be exploited for controlling the 
propagation or for various applications. Because cuts in a plate locally decrease the 
effective elastic parameters (in particular the flexural rigidity), it is obvious that the 
effective dispersion properties of flexural waves in plates can be tuned by the appropriate 
design of cuts. These cuts are most of the time easily and systematically made in thin 
plates by CAO and laser cutting, a fabrication process available in the fablab at LAUM but 
also easily scalable for mass production.


Several internships for bachelor and master students have been completed on the 
dynamics of kirigami plates these last few years at LAUM, including the experimental and 
numerical study of the influence of applied tension on the propagation properties in 
kirigami plates (velocity, band gaps), or on the tuning of the propagation velocity of 
flexural waves depending on the cut design analyzed by FEM.


Among the targeted effects for wave control, the possibility of designing flexural 
wave band gaps with kirigami plates will be studied first. Then the tuning of the effective 
velocity can lead to either energy focusing (designing lenses for flexural waves), or to 
other interesting effects. It has also been found that specific cut designs can lead to 
locally resonant systems, thus opening the way to sub-wavelength control effects, 
particularly interesting for low-frequency vibrations of plates. Then, nonlinear wave 
propagation effects could be analyzed since we observed previously a strong velocity-
dependence on tension, a sign that large amplitudes can dynamically change the wave 
propagation properties (i.e. self-action nonlinear wave effects). 


All these aspects are expected to be treated via analytical tools, numerical 
simulations and demonstrated experimentally. In addition, we will consider using machine 
learning tools to design the suitable complex cuts achieving a targeted wave control 
response. This PhD thesis could benefit from the collaboration with the group of Katia 
Bertoldi at Harvard on the design and machine learning aspects in particular, where a visit 
with additional funding during the PhD could be envisaged.
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