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Introduction
The nonlinear dynamics of a shearable elastic rod, modelled through homogenisation
of microstructure composed of elastic hinges and four-bar linkages, is studied. This
microstructure enables the shear deformation and is capable of producing folding
and faulting patterns [1]. Moreover, this microstructure allows only length shortening.
In the present contribution, we extend this work to investigate the dynamical aspects.

Figure: Microstructured one-dimensional structure and equivalent shearable elastic rod.
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Equilibrium Equations

The continuum quantities 𝜌, 𝜌𝑏 and 𝛾 are the linear mass densities and shear
angle, respectively
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The stiffnesses 𝐾, and 𝐾𝛽 in the discrete model are related to the material
stiffnesses 𝐸𝐼 and 𝐺𝐴𝑠 of the continuum through

𝐾 = 𝐸𝐼
𝑎 , 𝐾𝛽 = 𝑎𝛼2𝐺𝐴𝑠.

Dynamics: Linear Analysis

For small deformations, 𝑥 ≈ 𝑠 and 𝑦′ ≈ 𝜃 + 𝛾.

On non-dimensionalization by defining ̄𝑥 = 𝑥/𝑙, ̄𝑦 = 𝑦/𝑙, 𝜏 = √ 𝐸𝐼
𝜌𝑙2𝑡 and 𝜁 = 𝐺𝐴𝑠𝑙2
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These equations are same as that of Timoshenko beam and Rayleigh beam.

Vibration Modes of a rod: Clamped-Free ends

The effect of 𝜁 on the modes of vibrations

where 𝜔𝑖,𝑏𝑒𝑛𝑑 is the natural frequency of 𝑖 th mode for a pure bending case. The
rotational inertial Γ defined as 𝜌𝑎𝐽+𝜌𝑏𝑤2

𝜌𝑙2 is taken as zero.

The effect of 𝜁 on the mode shapes

The effect of mesh size 𝑁 and the rotational inertia Γ

where 𝜔𝑖,𝜁 is the natural frequency of 𝑖 th mode of continuum model for a given 𝜁
and 𝜔𝑖,𝑁 is the natural frequency of 𝑖 th mode for a 𝑁 sized discrete model.

Conclusion and Future Studies

The continuum model obtained through homogenization of the origami
microstructure effectively represents the dynamics under small deformations.
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