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 A B S T R A C T

This work investigates the propagation of nonlinear mechanical waves in chains of bistable 
tensegrity prisms subjected to impact loading. The analyzed systems consist of all-bar tensegrity 
prism units exhibiting bistable axial force–displacement responses with either softening or 
stiffening behavior, alternated with lumped masses. Numerical simulations are performed on 
finite chains to examine the formation, propagation, and attenuation of strain waves. The chain 
composed of thick prisms displays a softening bistable response, leading to the propagation of 
compressive axial strain waves with oscillatory tails and progressive attenuation. In contrast, 
chains composed of slender prisms exhibit a stiffening bistable response and support the 
propagation of localized compression pulses accompanied by limited background oscillations. 
Unlike classical bistable mass–spring chains, the tensegrity systems considered here exhibit 
intrinsically coupled axial and twisting motions. Nevertheless, the numerical results show good 
qualitative agreement between the impact-induced dynamic response of the analyzed systems 
and existing results in the literature on solitary-wave dynamics in bistable one-dimensional 
lattices. The distinctive wave behavior of bistable tensegrity lattices highlights their potential 
for applications involving wave focusing and controlled energy transmission and localization.

. Introduction

It is well established in the literature that tensegrity-based lattices, both in one dimension and in higher-dimensional configu-
ations, can sustain the propagation of solitary disturbances generated by impulsive loading, owing to their pronounced geometric 
onlinearity. Depending on the specific force–displacement response of each module, these systems may generate either highly 
ocalized compressive pulses (Amendola, 2023; de Castro Motta, Garanger et al., 2024) or rarefaction-type solitary waves (de Castro 
otta, Placidi et al., 2024), the former typically associated with stiffening behavior and the latter with softening mechanisms. The 
eculiar propagation of these solitary waves has inspired advanced studies in nonlinear acoustics. Tensegrity systems with softening 
ehavior convert compressive impacts into rarefaction waves with fading oscillatory tails (Herbold & Nesterenko, 2013), whereas 
tiffening architectures enable adaptive acoustic lenses that focus compression solitary waves in prescribed regions (Spadoni & 
araio, 2010).
This study aims to extend research on the solitary-wave dynamics of tensegrity lattices to chains of bistable tensegrity prisms, a 

irection preliminarily indicated in Vangelatos et al. (2020), which, however, did not provide a detailed mechanical analysis of the 
ave dynamics of such structures. The wave dynamics of bistable lattices has been widely investigated in the literature, and key 
esults can be found in Katz and Givli (2018), Meaud and Che (2017), Nadkarni, Chong et al. (2016), Nadkarni, Daraio et al. (2016), 
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Nadkarni et al. (2014), Shiroky and Gendelman (2017), Truskinovsky and Vainchtein (2014) and Zhang and Rudykh (2024) and the 
references therein. However, the available one-dimensional studies cannot be directly applied to chains of tensegrity prisms owing 
to the coupled axial–twisting response exhibited by such systems under axial loading. There is therefore room for investigations 
specifically focused on the peculiar bistable wave dynamics of lattices with tensegrity architecture. The present work begins in 
Section 2 with an illustration of the bistable response of a tensegrity prism composed exclusively of bar members. The assembly of 
such units into a one-dimensional chain of bistable elements is presented in Section 3, which also describes the equations of motion 
adopted to investigate the wave dynamics of the chain and their numerical integration. Numerical results illustrating the distinctive 
solitary-wave dynamics of bistable tensegrity chains and their main features are reported in Section 4. Finally, Section 5 summarizes 
the principal findings of the study and outlines promising directions for future research.

2. Bistable response of an all-bar tensegrity prism

The so-called T3 tensegrity prism is surely among the most widely studied tensegrity units in the literature (Skelton & De Oliveira, 
2009). It consists of three bars (or struts) and nine strings (or cables). Referring to the simplest configuration of such a system, six of 
the strings form two identical equilateral triangles that serve as terminal bases (base strings); three additional strings connect pairs 
of nodes on the two bases (cross strings); and three bars connect distinct pairs of nodes belonging to those bases. The geometry and 
kinematics of the prism are fully described by three parameters, namely the edge length 𝓁 of the terminal bases, the height ℎ of the 
prism, defined as the distance between the centroids of the terminal base, and the twisting angle 𝜑 between the two bases (Fraternali 
et al., 2015). The T3 prism exhibits a single free-standing tensegrity configuration corresponding to a twisting angle of 5∕6𝜋 between 
the terminal bases, which constitutes an infinitesimal mechanism and can be stabilized through the application of a state of self-
stress. The latter is typically induced by the pretensioning of a cross string. It has been shown that such a system can be transformed 
into a bistable structure by replacing all the strings with bars connecting the same end nodes and by modifying the twisting angle 
of the freestanding configuration to 5∕6𝜋 + 𝜃0, where 𝜃0 denotes a suitable value of the ’additional twisting angle’ 𝜃 applied to the 
free-standing configuration (see Intrigila et al., 2022 and references therein). The resulting all-bar prism, hereafter again termed 
a T3 prism for brevity, even though it actually consists of 12 bars, admits a stable freestanding configuration under zero external 
load, hereafter referred to as 𝑆𝐶1. Once uniformly compressed, it attains a second stable configuration, 𝑆𝐶2, through a deformation 
process that passes through an unstable load-free configuration, 𝑈𝐶. It can be shown that the second stable configuration 𝑆𝐶2
correspond to an additional twist 𝜃 = −𝜃0.

Let us consider physical examples of bistable tensegrity prisms. Using the notation illustrated in Fig.  1(a), the position vectors 
of nodes 1–6 of these prisms in the 𝑆𝐶1 configuration can be expressed as follows

n 𝑖 = {𝑎 cos[𝜓(𝑖 − 1)], 𝑎 sin[𝜓(𝑖 − 1)], 0}, 𝑖 = 1, 2, 3, (1)
n 3+𝑖 = {𝑎 cos[𝜓(𝑖 − 1) + 𝜑], 𝑎 sin[𝜓(𝑖 − 1) + 𝜑], ℎ}, 𝑖 = 1, 2, 3 (2)

where 𝜓 = 2∕3𝜋; 𝑎 =
√

3𝓁∕3 cm is the radius of the circumscribed circle to the triangular bases; and 𝜑 = 5∕6𝜋 + 𝜃0 is the relative 
twisting angle between the two bases.

The first physical model examined exhibits a ‘thick’ profile, characterized by the following design variables: 𝓁 = 13.260 cm, 
ℎ = 7.588 cm, and 𝜃0 = −10◦. This geometry is similar to that of the standard (non-bistable) thick prisms previously investigated 
in Fraternali et al. (2015).

The strongly nonlinear axial force 𝐹𝑑 versus axial displacement 𝑑 response of the thick bistable prism is shown in Fig.  2. Here, 
𝐹𝑑 denotes the total force applied to the terminal bases (i.e., the sum of the forces 𝐹𝑑∕3 applied to the individual nodes), and 𝑑
represents the relative axial displacement between these bases, measured from the reference configuration 𝑆𝐶1. Both quantities 
are taken as positive when the prism is in compression. The prism is equipped with circular bars of diameter 8mm made of a 
thermoplastic polyurethane (TPU) characterized by a Young’s modulus 𝐸 = 54 MPa. The overall mass 𝑀 of the prism, including the 
masses of the nodes, is estimated to be 0.25 kg. This mass is lumped at the terminal bases, which are assumed to be circular rings 
with radius 𝑟 = 𝑎.

The axial 𝐹𝑑–𝑑 response shown in Fig.  2 was computed using the path-following procedure described in Fraternali et al. (2015), 
assuming a displacement-controlled loading scheme applied to a 3D model of the prism. In this loading condition, equal axial 
displacements are applied to the nodes of the top base in quasi-static increments of 0.125 mm, while the nodes of the bottom base 
are kept fixed. It is observed that the 𝐹𝑑–𝑑 response exhibits a positive slope at the stress-free configurations 𝑆𝐶1 and 𝑆𝐶2, attained 
at 𝑑 = 0 and 𝑑 = 14.75 mm, respectively, and a negative slope at the unstable configuration 𝑈𝐶 (𝑑 = 6.125 mm). The 𝐹𝑑–𝑑 curve 
also displays a positive peak at 𝑑 = 2.125 mm, where 𝐹𝑑 = 4.556 N, and a negative peak at 𝑑 = 10.375 mm, where 𝐹𝑑 = −2.858 𝑁
(Fig.  2).

Additional physical models examined in the present work exhibit a ‘slender’ profile. All such models are characterized by 
𝓁 = 8.010 cm, 𝜃0 = −10◦, and an overall mass 𝑀 of 0.225 kg. We distinguish a ‘slender 1’ sample with ℎ = 32.520 cm; a ‘slender 
2’ sample with ℎ = 40.668 cm; and a ‘slender 3’ sample with ℎ = 48.814 cm. These prisms are fabricated from the same materials 
as the thick model. Their force–displacement responses, computed using the same procedure adopted for the thick prism under 
quasi-static increments of 0.015mm in the relative axial displacement between the terminal bases, are illustrated in Fig.  3. These 
response laws exhibit a second stable configuration 𝑆𝐶2 for axial displacements ranging from 1.155mm (slender 1 prism) to 0.765mm, 
and an unstable configuration 𝑈𝐶, reached for displacements varying from 0.555mm (slender 1 prism) to 0.375mm (slender 3 prism). 
The coordinates of the maximum points vary from (0.24mm, 0.484N) for the slender 1 prism to (0.165mm, 0.222N) for the slender 3 
2 
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Fig. 1.  Illustration of a T3 bistable prism (a) and a chain of bistable prisms (b). 

Fig. 2.  Force–displacement plot of the examined thick bistable T3 prism. The linearizations adopted for stable Phases I and II are shown as 
dashed lines.

prism. The coordinates of the minimum points vary from (0.885mm, −0.461N) for the slender 1 prism to (0.6mm, −0.210N) for the 
slender 3 prism. It is observed that increasing the slenderness ratio ℎ∕𝓁 leads to a smaller width of the spinodal region, defined as 
the interval between the maximum and minimum points of the force–displacement response (Katz & Givli, 2018).

It is important to note that the bistable tensegrity systems analyzed in this work exhibit coupled axial–twisting motions, whereas 
the bistable one-dimensional Fermi–Pasta– Ulam (FPU) lattices investigated in Katz and Givli (2018) exhibit purely axial motion. 
The presence of such coupling in tensegrity chains implies that they do not belong to the class of standard FPU lattices (Davini et al., 
2016) (see also the observations in the next section). However, to enable qualitative comparisons between the present results and 
those reported in Katz and Givli (2018) for one-dimensional periodic mass–spring systems with a trilinear axial force–strain response, 
we linearize the two stable phases of the response laws shown in Figs.  2–3. Specifically, dashed lines represent the linearizations 
of the stable phases originating at the 𝑆𝐶1 and 𝑆𝐶2 configurations, hereafter referred to as Phase I and Phase II. The examined 
prisms exhibit an axial Maxwell force 𝐹0 approximately equal to zero, i.e., the force at which the local energy minima associated 
with Phase I and Phase II are equal. Katz and Givli propose estimating the stiffness coefficients of an equivalent trilinear model 
by averaging the slope of the force–displacement response over the first stable branch below 𝐹0 (Phase I) and the second stable 
branch above 𝐹0 (Phase II). Since the present study focuses on compression waves, the equivalent axial stiffness of Phase I (𝑘(1)ℎ ) is 
estimated as the tangent stiffness of the force–displacement curve at the 𝑆𝐶1 configuration. The stiffness of Phase II (𝑘(2)ℎ ) is instead 
estimated as the secant stiffness along the initial portion of the second stable branch above the 𝑆𝐶2 configuration (see Figs.  2–3). 
Table  1 reports the resulting stiffness values, along with the stiffness ratio 𝛽 = 𝑘(2)∕𝑘(1). The table also includes the corresponding 
2 ℎ ℎ
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Fig. 3.  Force–displacement plots of the examined slender 1, slender 2, and slender 3 bistable T3 prisms. The insets illustrate the key 
configurations of the slender 1 prism. The linearizations adopted for stable Phases I and II are shown as dashed lines.

Table 1
Effective constitutive parameters predicted for the examined prism chains.
 Prism unit type 𝑘(1)ℎ  [N m] 𝑘(2)ℎ  [N m] 𝛽2 𝜀𝑈𝐶 [%] 𝛥𝜀 [%] 
 thick 4578.121 1684.84 0.368 8.072 19.439 
 slender 1 3736.059 9054.636 2.423 0.175 0.350  
 slender 2 2939.092 8659.700 2.946 0.111 0.225  
 slender 3 2395.175 8284.750 3.456 0.077 0.157  

axial strain 𝜀𝑈𝐶 at the unstable configuration 𝑈𝐶 and the transition strain 𝛥𝜀. Axial strain is defined as the ratio between the current 
displacement 𝑑 and the initial height ℎ of the unit. In particular, 𝛥𝜀 is defined through the difference between the displacements at 
which the line 𝐹𝑑 = 𝐹0 intersects the Phase I and Phase II branches of the force–displacement response, normalized by the height ℎ
(Katz & Givli, 2018). It is worth noting that the axial strain corresponding to the 𝑆𝐶1 configuration is equal to zero in the present 
systems. 

The results presented in Table  1 indicate that the chains formed by thick prisms (hereafter also referred to as the ‘thick’ chain) 
exhibit a softening behavior, characterized by 𝛽2 < 1, whereas the chains formed by slender 1, 2, and 3 prisms all exhibit a stiffening
behavior, characterized by 𝛽2 > 1. The physical examples of bistable T3 prisms examined in this section are adopted as unit cells of 
the one-dimensional chains investigated in the remainder of the paper (Fig.  1(b)). A detailed illustration of the bistable nature of 
the response of T3 prisms, together with their analogy to three-hinge systems, is provided in Intrigila et al. (2022).

3. Mechanical modeling of the wave dynamics of chains of bistable prisms

The two types of bistable unit, thick and slender, are assembled into one-dimensional chains in which adjacent units share one 
base and have the same chirality. In this study, the modeling assumptions and the equation of motion described in Micheletti (2025) 
are adopted. The structure can be modeled as a three-dimensional elastic network of axial springs connecting nodal masses. The 
position vectors p𝑖, 𝑖 = 1,… , 𝑛𝑛, of all nodes in the chain structure are collected in the global vector p ∈ R3𝑛𝑛 . Each node is assigned 
the same mass: 𝑚 = 0.083 kg for the thick prism and 𝑚 = 0.075 kg for the slender prisms. The bar connecting nodes 𝑖 and 𝑗 is 
assumed to be massless (lumped-mass model) and carries an axial force 𝑡𝑖𝑗 = 𝑘𝑖𝑗

(

𝑙𝑖𝑗 (p) − 𝑙𝑖𝑗
)

, where 𝑙𝑖𝑗 (p) = |p𝑖 − p𝑗 | and 𝑙𝑖𝑗 denote 
the current length and the rest length of the bar, respectively, and 𝑘𝑖𝑗 = 𝐸𝐴∕𝑙𝑖𝑗 is its axial stiffness. The vector equation of motion 
for the 𝑖th node, in the absence of external loads and neglecting damping (as well as any other dissipative effects), is obtained from 
the balance of inertial and elastic forces and can be written as 

𝑚 p̈𝑖 +
∑

𝑗
𝑡𝑖𝑗 e𝑖𝑗 = 0 , (3)

Here, the summation extends over all nodes 𝑗 connected to node 𝑖 by a bar, e𝑖𝑗 = (p𝑖 − p𝑗 )∕𝑙𝑖𝑗 are the unit vectors defining the 
bar directions, and p̈  denotes the acceleration of the 𝑖th node. The equations of motion of the entire structure can be expressed in 
𝑖

4 
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compact form as 
Mp̈ +A(p)t(p) = 0 , (4)

where t collects the axial forces in the 𝑛𝑒 bars, A(p) is the 3𝑛𝑛 × 𝑛𝑒 equilibrium matrix at configuration p, mapping bar forces to 
nodal forces as f = A(p)t , and M  is the diagonal mass matrix with nonzero entries equal to 𝑚. 

The impulsive wave dynamics of the chains are obtained by supplementing the equations of motion (4) with suitable initial 
conditions on nodal positions and velocities, as specified in the next section. The initial configuration coincides with the undeformed, 
stress-free state of the chain at rest, while all nodal velocities are set to zero except for the three nodes belonging to one terminal 
base. In the absence of dissipative mechanisms, the total energy of the system is conserved throughout the motion. For interpretative 
purposes, it is convenient to emphasize that the bistable prisms considered in this study form three-dimensional lattice structures, 
in which each triangular base possesses nine independent degrees of freedom associated with the three translational motions of its 
nodal masses. The resulting motion is characterized by a coupling between relative axial displacements and twisting rotations of the 
terminal bases, induced by the chirality of the prisms (see, e.g., Fraternali et al. (2015) and Oppenheim and Williams (2000) and 
references therein). The axial strain and twisting angle profiles discussed in the next section are not primary kinematic variables, 
but are instead derived from the underlying three-dimensional lattice dynamics. 

4. Numerical simulations

We performed numerical simulations of the wave dynamics of chains composed of 100 prisms of the typologies described in 
Section 2, namely the thick prism and the slender 1, slender 2, and slender 3 prism units. The chains are impacted at one end, 
corresponding to the right end in the plots shown hereafter, where the chains are depicted in a horizontal configuration for clarity. 
The nodes at the opposite (left) end of the chain are assumed to remain at rest (fixed extremity or ‘wall’). The initial velocities 
of the nodes at the impacted end are prescribed so as to trigger the transition from the first stable configuration to the second 
stable configuration of the terminal prism. This transition occurs through a motion closely following the infinitesimal mechanism 
of the corresponding prism with 𝜃0 = 0. To this end, the velocity vector at each node is imposed orthogonal to the axes of the bar 
and cross-string members connected to that node. For the chain composed of thick prisms, the inward (compressive) longitudinal 
component of the velocity at each node is set equal to 𝑣𝑐 = 0.45m∕s, which results in a tangential component along the direction 
tangent to the circumscribed circle of the terminal base equal to 𝑣𝑡 = 1.34m∕s. For the chains composed of slender prisms, the 
inward longitudinal component is set equal to 𝑣𝑐 = 0.10m∕s, corresponding to values of 𝑣𝑡 equal to 1.40m∕s (slender 1), 1.76m∕s
(slender 2), and 2.10m∕s (slender 3).

The analytical study reported in Katz and Givli (2018) for one-dimensional FPU bistable lattices predicts the formation of solitary 
waves in stiffening systems and, conversely, a progressive attenuation of the impact-induced disturbance in softening systems after 
a wave forms at the impacted end. In stiffening systems, the propagating solitary waves exhibit a propagation speed bounded 
between the speeds of sound associated with the two stable phases, and a wave height that increases with increasing values of the 
transition strain 𝛥𝜀. The results presented hereafter illustrate the dynamic response of the chains of bistable prisms analyzed in this 
study, in terms of axial strain waves and associated twist angle waves generated by impact loading. These quantities are obtained 
a posteriori from the solution of the wave dynamics problem for the three-dimensional lattice model described in the previous 
section. Specifically, the axial strain 𝜀 of a generic prism is computed as the average relative axial displacement of the nodes of 
its terminal bases, normalized by the initial height ℎ, whereas the additional twist angle 𝜃 is evaluated from the relative rotation 
between the bases about the longitudinal axis, as determined from the nodal displacements. Both measures are defined with respect 
to the reference configuration, characterized by a twisting angle of 5∕6𝜋 between the terminal bases. It is well established in the 
literature that, under simplifying assumptions (e.g., rigid bases and bars), the kinematics of tensegrity prisms can be reduced to 
a single effective degree of freedom (Fraternali et al., 2015; Oppenheim & Williams, 2000). However, such a reduction does not 
apply in the present case, as the prisms considered here exhibit different aspect ratios and their bars are made of deformable TPU. 
Consequently, the systems under investigation cannot be classified as standard one-dimensional FPU lattices. 

Figs.  4 and 5 show the axial strain and the corresponding additional twist angle wave profiles obtained for the thick and slender 1 
chains analyzed in the present work using the mechanical model described in Section 3.  In these figures, the wave fields are 
examined before the main oscillations reach the fixed end of the chain. For the thick-prism chain, the impact generates a longitudinal 
mechanical wave characterized by a transition from motion about 𝑆𝐶1 to motion about 𝑆𝐶2, involving only the first units of the 
chain, as evidenced by the axial strain and additional twist angle wave profiles (Fig.  4). This phenomenon is accompanied by a 
disordered compressive perturbation about 𝑆𝐶1 that propagates along the chain and reduces to a low amplitude after traversing 
the initially impacted units. A markedly different response is observed for the chains composed of slender prism units shown in 
Fig.  5, whose axial force–displacement responses exhibit a stiffening bistable behavior. These systems support the formation and 
propagation of localized axial strain pulses in which the motion of the units involves transitions between 𝑆𝐶1 and 𝑆𝐶2, with limited 
attenuation, in qualitative agreement with the predictions reported in Katz and Givli (2018) for bistable FPU lattices. It can be 
observed that the peaks of the strain and additional twist wave profiles in Fig.  5 occur nearly at the same times. A spatiotemporal 
analysis of the strain waves exhibited by the chains composed of thick prisms and slender 1 prisms is presented in Fig.  6. The 
horizontal axis represents the time elapsed since impact, while the vertical axis denotes the unit (prism) number. Each horizontal 
curve illustrates the time evolution of the strain response in a single unit. In the stiffening system (Fig.  6(b)), composed of slender 1 
prisms, the plot exhibits a well-defined diagonal band representing the propagation of a solitary wave with phase transition, which 
travels along the chain and reflects at the boundary. In contrast, in the softening system composed of thick prisms (Fig.  6(a)), weak 
5 
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Fig. 4.  Wave profiles of the axial strain (blue solid curves) and additional twist angle (red dotted curves) at different times in the chain 
composed of thick prisms, impacted at the right end with a uniform compressive velocity of 0.45 m/s. The horizontal dashed and solid lines 
indicate, respectively, the strain and twist angle values corresponding to the 𝑈𝐶 and 𝑆𝐶2 configurations.

waves propagate along the chain away from the impact point, while most of the deformation energy remains localized near the 
impact region (see also Fig.  4). 

Figs.  7 and 8 further show the wave profiles obtained for the slender 2 and slender 3 chains, respectively. Among the examined 
stiffening bistable chains, we observe that the solitary wave propagating in the slender 1 chain exhibits the largest peak heights, 
consistent with the fact that this system is characterized by the largest transition strain 𝛥𝜀. This wave is accompanied by minor 
strain oscillations both ahead of and behind the leading pulse (Fig.  5). The formation of a solitary pulse is further confirmed by the 
plots of the additional twist wave in Fig.  5, which show that the units carrying the pulse exhibit positive additional twist angles 
𝜃, whereas those not affected by the wave maintain 𝜃 = −10◦. The localized pulses propagating in the slender 2 and slender 3 
chains exhibit more pronounced oscillations in the wave profiles, both ahead of and behind the leading pulse, compared to those 
observed in the slender 1 chain. Between these two cases, the slender 2 chain displays a larger peak amplitude and less pronounced 
oscillations than the slender 3 chain (see Figs.  7–8). In particular, the additional twist angle wave profiles of the chains composed 
6 
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Fig. 5.  Wave profiles of the axial strain (blue solid curves) and additional twist angle (red dotted curves) at different times in the chain composed 
of slender 1 prisms, impacted at the right end with a uniform compressive velocity of 0.1 m/s. The horizontal dashed and solid lines indicate, 
respectively, the strain and twist angle values corresponding to the 𝑈𝐶 and 𝑆𝐶2 configurations.

of slender 2 and slender 3 prisms exhibit a splitting of the main peak into two closely spaced peaks at certain time instants, as 
observed in Figs.  7–8. 

In order to slightly strengthen the qualitative connection between the results obtained in this work and the predictions of Katz and 
Givli (2018), and with sole reference to deriving rough estimates of the sound speeds associated with the propagation of longitudinal 
waves in the linearized Phase I and Phase II, we adopt the approach proposed in Fraternali et al. (2025) for the linearized response 
of tensegrity chains characterized by coupled axial and twisting motions. This approach assumes that the relative angular velocity 
𝜑̇ between the bases of a generic unit is related to the relative axial velocity 𝑑̇ through a linear relation of the form 

𝜑̇ = 𝑞 𝑑̇ (5)

where 𝑞 is a scalar coupling factor, which may take either positive or negative values. Making use of Eq. (5), the incremental 
dynamics of a generic unit cell, say the 𝑖th one, can be fully characterized in terms of the axial velocity 𝑑̇, and the kinetic energy 
of the cell can be expressed in the form 

𝐾 = 1𝑀𝑑̇2 + 1𝐽𝜑̇2 = 1 𝑀 (𝑒𝑞)𝑑̇2 (6)
𝑖 2 𝑖 2 𝑖 2 𝑖

7 
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Fig. 6. Comparison of the spatiotemporal responses of chains composed of thick prisms (a) and slender 1 prisms (b) in terms of axial strain 
waves. The horizontal axis represents the time elapsed since the impact event, while the vertical axis denotes the prism number. The horizontally 
drawn curves illustrate the time evolution of the strain response in the individual units. The inset in panel (b) highlights a portion of the diagonal 
band associated with the propagation of a solitary wave with phase transition in the chain composed of slender 1 prisms.

In Eq. (6), 𝐽 =𝑀 𝑟2 denotes the torsional moment of inertia of the unit, where 𝑟 is the radius of the rings assumed to represent the 
lumped masses of the chain. The quantity 𝑀𝑒𝑞 is the equivalent mass, defined as 

𝑀 (𝑒𝑞) =𝑀
(

1 + 𝑞2𝑟2
)

(7)

We now particularize the above approach to the chain formed by slender 1 prisms. For this prism typology, we estimated a 
coupling factor 𝑞 equal to 228.835m−1 (in absolute value) in the linearized Phase I, which corresponds to an equivalent mass 
𝑀 (𝑒𝑞,1) = 25.423 kg. In the linearized Phase II, the coupling factor is estimated as 𝑞 = 188.521m−1, yielding an equivalent 
mass 𝑀 (𝑒𝑞,2) = 17.327 kg. According to this analysis, we estimated the speed of sound of longitudinal waves in Phase I as 
𝑐1 = ℎ

√

𝑘(1)ℎ ∕𝑀 (𝑒𝑞,1) = 3.942m∕s, and the speed of sound of longitudinal waves in Phase II as 𝑐2 = ℎ
√

𝑘(2)ℎ ∕𝑀 (𝑒𝑞,2) = 7.434m∕s.  Here, 
ℎ = 32.520 cm denotes the undeformed height of the prism under examination. By repeating the same analysis for the chain formed 
by slender 2 prisms, we obtained 𝑐1 = 2.826m∕s and 𝑐2 = 10.780m∕s  (ℎ = 40.668 cm, 𝑀 (𝑒𝑞,1) = 60.850 kg, and 𝑀 (𝑒𝑞,2) = 12.324 kg). 
Finally, for the chain formed by slender 3 prisms, we estimated 𝑐1 = 2.564m∕s and 𝑐2 = 15.393m∕s  (ℎ = 48.814 cm, 𝑀 (𝑒𝑞,1) = 86.821 kg, 
and 𝑀 (𝑒𝑞,2) = 8.331 kg).  The propagation speed of the solitary pulse observed in Fig.  5 for the slender 1 chain is estimated to be 
7.111m∕s. The corresponding propagation speeds of the localized compression pulses observed in Figs.  7 and 8 for the slender 2 and 
slender 3 chains are estimated to be 8.459m∕s and 9.372m∕s, respectively. In all cases, the measured propagation speeds fall within 
the corresponding intervals defined by 𝑐1 and 𝑐2, in qualitative agreement with the analysis presented in Katz and Givli (2018) for 
stiffening bistable lattices.

It is worth noting that the analytical expressions derived in this study for the wave peak amplitude cannot be directly applied to 
the chains examined here, as these systems do not constitute standard one-dimensional FPU lattices and exhibit different effective 
masses in Phase I and Phase II. An inspection of the results shown in Figs.  5–8 reveals that the axial strain solitary pulses propagating 
along the chains formed by slender 1, slender 2, and slender 3 prisms exhibit peak axial strains in the ranges [0.9, 1.0]%, [0.6, 0.8]%, 
and [0.4, 0.5]%, respectively. Animations illustrating the motions exhibited by the examined chains are provided as Supplementary 
Materials.

5. Concluding remarks

This work has presented a numerical investigation of solitary-wave dynamics in one-dimensional chains of bistable tensegrity 
prisms. By exploiting the intrinsic bistability of all-bar T3 tensegrity units and their pronounced geometric nonlinearity, the study 
demonstrates the emergence of localized compression waves under impact loading, whose characteristics depend critically on 
whether the underlying force–displacement response is softening or stiffening. The examined chain formed by thick prisms exhibits 
a softening bistable behavior, leading to the generation of compression waves with oscillatory tails and progressively decreasing 
8 
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Fig. 7. Wave profiles of the axial strain (blue solid curves) and additional twist angle (red dotted curves) in the chain composed of slender 2 
prisms, impacted at the right end with a uniform compressive velocity of 0.1 m/s.

amplitude. In contrast, chains composed of slender prisms display a stiffening bistable response and support the formation and 
propagation of compression solitary pulses with limited attenuation, accompanied by weak background oscillations. The main 
findings are in qualitative agreement with analytical predictions previously reported for one-dimensional bistable mass–spring 
lattices, despite the fundamental differences between the present tensegrity systems and classical axial lattices, which primarily 
arise from the spatial nature of tensegrity chains and the coupling between axial and twisting motions.

The present study opens several directions for future research, particularly toward the development of analytical models 
specifically tailored to the wave dynamics of bistable tensegrity systems, including the derivation of closed-form or asymptotic 
solutions for solitary-wave propagation in the presence of coupled axial and twisting motions. Further work should also explore 
the potential of bistable tensegrity chains as mechanical waveguides capable of transmitting and focusing energy through highly 
localized waveforms, as well as the experimental validation of the predicted wave phenomena under controlled impact and boundary 
conditions. These features make bistable tensegrity systems promising candidates for applications in mechanical-wave focusing and 
targeted energy delivery in engineered and biological materials.
9 
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Fig. 8. Wave profiles of the axial strain (blue solid curves) and additional twist angle (red dotted curves) in the chain composed of slender 3 
prisms, impacted at the right end with a uniform compressive velocity of 0.1 m/s.
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