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Application of adaptive connectivity in lightweight structures 

Sandwich panels and sandwich beams are elements that are 

commonly used in lightweight structures. The ability to modify their 

stiffness matrix is deemed a promising approach to the realization 

of lightweight, stiff structures with outstanding vibration attenuation 

properties.  

It has been shown [2] that by superimposing suitable structures to 

sandwich core materials, it is possible to add useful functionalities, 

such as total bandgaps in the acoustic frequency range, to the 

materials, while maintaining fundamental properties such as the 

mass density unchanged, as compared to a structural foam. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Example of sandwich structural element with 3D phononic crystal core [2]. 
 
 
Unit cell with adaptive connectivity elements 
Here, we conjugate the idea of adaptive connectivity elements and 

structured core materials with the goal of designing lightweight, 

adaptive materials that also offer tunable vibration attenuation 

properties for structural applications. This process serves as a 

‚sandbox‘ for the development of an approach to the design and 

physical integration of linear and non-linear multi-field resonant 

elements in  stiff structures.  
 
 
 
 
 
 
 
 
 

The dispersion relations of a metamaterial are the best way to 

describe its properties and are shown below. In this case, we 

chose a unit cell with a very simple geometry, consisting of a 

frame with two diagonal braces that lend it its shear stiffness. In 

the braces we integrated two piezoelectric elements in a resonant 

shunt. Appropriate electrical parameters will allow for the 

realization of zero or even negative stiffness at the frequency of 

interest. Further refinement of the design shall include an 

additional element with constant (i.e. not frequency dependent) 

stiffness to limit the strains in the piezoelectric part. 

Here, we see the characteristic k-independent mode, typical of 

locally resonant elements, as described in 

literature and discussed in previous work [3]. 

However, the functionality we exploit in these 

structures is not one of extracting energy to the 

electric domain and dissipating it there, but 

rather, that of disconnecting the braces of the 

unit cell. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Band structure of a 2D metamaterial consisting of the presented unit cell. 
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3 Dispersion Properties 

6 Conclusions 

In this work we show an approach to the realization of highly 

‘damped’ stiff structural components by exploiting zero or negative 

stiffness of piezoelectric elements in a resonant shunt. In this proof 

of concept, aspects related to the strength of the used materials 

and its limiting role with respect to a direct realization of the 

discussed concept were not taken into account. In further work, we 

shall investigate how the combination of shunted piezoelectric 

elements and conventional materials in a parallel arrangement can 

be exploited to exploit zero stiffness functionality while insuring 

structural integrity of the further under typical operational 

conditions of a sandwich panel. 

  

This first step in a process to create optimized structural 

components with minimal weight penalties and favorable dynamic 

properties shall also serve as working example for the 

development of design integration methods for materials with 

unusual, frequency dependent mechanical properties as well as for 

the physical integration of multi-field resonant elements in stiff 

structures. 

 

In upcoming work, we will create an optimization environment for 

this and similar concepts for metamaterials to find optimized 

solutions for integration in structural parts for aerospace 

appications. 
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1 Adaptive Connectivity 

This project aims at implementing novel concepts for adaptive low 

frequency broad-band damping of stiff structural elements for 

aerospace applications. 

 

Previous work [1] has shown that resonant piezoelectric elements 

can also be employed to realize zero-stiffness structural elements 

with frequency-dependent mechanical properties. The realization 

of zero-stiffness connection elements is equivalent to physically 

disconnecting the linked elements. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Phononic crystal with adaptive connectivity realized with zero-stiffness 

links [1]. 

 

In this work, we investigate the use of such zero-stiffness 

elements in the unit cell of a metamaterial. In particular, we are 

interested in investigating the ability to modify certain components 

of the stiffness matrix of the structure, such as the shear stiffness, 

and the effect of the modification on the dynamic properties of a 

simple structure comprised of such a material. 

 

This approach to the modification of the physical and design 

integration of linear and non-linear multi-field resonant elements 

shall be investigated in the presented work and will then be 

integrated and optimized for structural parts in aerospace 

applications. 

2 Structured Core Materials 

Here we show the vibration modes of a simple sandwich beam 

(2D-simulation) consisting of 5 unit cells, in which the electrical 

resonators are tuned at the 1st natural frequency of the simply 

supported beam. The blue curve shows the response with the 

circuits turned off (i.e.: open circuit), while the red curve shows the 

response with the circuits on. The inserts show the mode shapes 

of the structure under the respective electrical conditions. Note the 

–relatively to the unit cell deformations- very large deformations of 

the piezoelectric devices, they denote their ‘zero’ stiffness state.  

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Frequency response of a simple structure in open circuit or resonant shunt 

conditions. 

 

As expected, in correspondence with the tuning frequency of the 

resonantly shunted piezoelectric elements, the dynamic response 

of the structure is affected by the modification of the stiffness of 

the braces. The inserts in the figure above show the deformed 

shape of the structure in the shunted and closed circuit states, 

respectively. Here, we can see that at resonance, the strain in the 

piezoelectric elements is much larger than in the same structure 

under closed circuit conditions. This is well in agreement with the 

notion of ‘zero stiffness’ presented in previous work. It should be 

noted that the deformed shapes presented in the figure are 

equally amplified (50x) for clarity. 

5 Results and Discussion 

The implementation of such a metamaterial can be envisaged in a 

simple structure, representative of a sandwich beam or panel. 

Here, by imposing zero-stiffness on the braces that provide the 

shear stiffness needed by the core material to perform its function. 

The mechanical response of the whole sandwich is expected to be 

deeply affected in the frequency range of the resonance of the 

linearly shunted piezoelectric elements. In the figure below we 

show a model of such a beam.  

 

 

 

 

 

 

 

 
 

 

Representative beam structure made of five identical unit cells with 

statically determinate support. 

 

The piezoelectric elements in the diagonal braces are designed to 

affect the shear stiffness of the structure, whereas the stiffness in 

the x and y directions is provided by conventional elements with 

constant elastic properties. 

 

In order to study the behavior of this representative structure, a 2D 

numerical model including the electrical circuits is implemented in 

COMSOL Multiphysics®. 

4 Implementation 

𝑭𝑖𝑛𝑝𝑢𝑡 

𝒖𝑜𝑢𝑡𝑝𝑢𝑡 

Open Circuit vs. Resonant Shunt 

Piezoelectric Elements 

Aluminium 


