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Abstract. We investigate the acoustic band structure of tensegrity mass-spring chains as a function of the applied, 
local and global states of prestress. We first study the bandgap response of linear monoatomic chains, which show 
lumped masses connected to tensegrity prisms acting as mechanical springs. Next, we present a numerical study on 
the nonlinear wave dynamics of the examined systems in the geometrically nonlinear regime that is induced by the 
presence of moderately large relative displacements between the lumped masses. Such a study confirms the results of 
the linear analysis in the case of an elastically hardening system. 

INTRODUCTION 

In the last few years, lattice metamaterials are becoming popular in different areas of research because of their 
peculiar, mechanical and acoustic behaviors [1-6]. The present work investigates the dynamics of a 1d tensegrity 
metamaterials [7-9], and it is aimed at characterizing the acoustic band structure of such systems as a function of  
the applied, local and global prestress [4]. The first part of this paper provides an analytic study of the bandgap 
response of linear monoatomic chains, which are formed by lumped masses connected to linear springs consisting 
of tensegrity prisms. The response of such systems can be effectively tuned by pre-stretching the cables forming 
the individual units (internal self-stress), and/or by applying global compression forces to the terminal bases of 
the chain (global prestress), while keeping material properties unaltered [7]. The second part of the paper deals 
with a numerical study on the nonlinear wave dynamics of monatomic chains under moderately large 
displacements. Such a study proves that elastically hardening systems exhibit frequency band gaps also in the 
geometrically nonlinear regime. 

DISPERSION RELATION OF 1D TENSEGRITY CHAINS 

Let us investigate the tuning of the dispersion relation of tensegrity chains formed by tensegrity units 
alternating massive discs, modeled by linear elastic springs and lumped masses [4]. The elastic springs are 
considered of the same value of the stiffness constant k (Fig. 1). We define δ as the axial displacement from the 
reference configuration ( δ ℎ − h0) and we consider ε = δ/ℎ  as the axial strain, positive if the structure is 
compressed.  

We focus our study on the behavior of a first chain formed by prisms with a non-linear stiffening response in 
terms of F - ε (‘Mono 1’) and a second chain where the prisms forming the structure are characterized by a 
softening response (‘Mono 2’). The F - ε curves exhibited by the systems under consideration is shown in Fig. 2. 
The initial configuration of each system is marked by circles in Fig. 2.  
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In this section, we linearize such a non-linear response near the initial configuration, to examine infinitesimally 
small oscillations of the chains Mono 1 and Mono 2. 

Note that the tangent stiffness k of the first System is relatively low (Fig. 2a: F0 = F01 = 7.31 N, ε0 = ε01 = 
0.010, k = k1 = 394.89 N/m) compared to the one of Mono 2 (Fig. 2b : F0 = F02 = 36.14 N, ε0 = ε02 = 0.199, k = k2 
= 2165.30 N/m). 

 

 
FIGURE 1. Monoatomic chain: geometry of the unit cell (top) and mass-spring model (bottom). 

It is worth noting that the tangent stiffness k at the equilibrium point is equal to the slope of the local tangent line 
to the F − ε curve multiplied by the equilibrium height ℎ (Fig. 2). 

 

(a) (b) 

FIGURE 2. F - ε curves of systems Mono 1 (a), and Mono 2 (b). 

 
By referring to the Bloch-Floquet theory given in Refs. 10 for one-dimensional periodic systems, we easily obtain 
a single dispersion curve (the so-called ‘acoustic branch’) for the Mono 1 and Mono 2 systems, which shows that 
the frequency bandgap region of such systems is easily tunable by adjusting the local and global states of prestress 
applied to the structure, while leaving material properties unchanged (see Figure 4 of Ref. [7]) 

FREQUENCY BAND GAPS UNDER MODERATELY LARGE INCREMENTAL 
STRAINS 

In the present section we investigate on the phenomenon of wave attenuation in the Mono 1 system, by 
considering the non-linear response under moderately large incremental strains from the equilibrium 
configuration. This study was conducted numerically, by applying a sinusoidal time-displacement input to the 
first unit of a chain composed of 100 masses to perturb the equilibrium configuration. 

Fig. 4 illustrates the fast Fourier transforms (FFTs) of the outputs for units 1 and 50 at excitation frequencies 
ranging between 20 Hz and 80 Hz. The results illustrated in such a figure highlight that disturbances with input 
frequencies above 40 Hz are dramatically attenuated during their propagation through the system. 
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FIGURE 3. FFTs of the outputs for unit # 5 (left) and unit # 50 (right) for excitation frequencies ranging from 
20 to 80 Hz. 

CONCLUDING REMARKS 

We have presented a theoretical and numerical study on monoatomic mass-spring chains, which are formed 
by alternating tensegrity prisms with massive disks. The given results have shown that the examined structures 
exhibit highly tunable frequency band gaps in the linear and non-linear regimes induced by small or moderately 
large vibration near the initial equilibrium state, as a function of the applied global and local states of prestress. 
Future studies will investigate engineering applications of 2d and 3d versions of the systems examined in the 
present work [11-13], the insertion of curved struts within the tensegrity units [14-15], and the fabrication and 
testing of physical models of the examined structures through sustainable additive manufacturing techniques [16-
17].  
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