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Abstract: Since negative stiffness metamaterials are reusable as energy-absorbing materials, it is necessary to
investigate the energy-absorbing performances and reusability of negative stiffness metamaterials. The designed
negative stiffness metamaterial was prepared with the 3D printing technology, and the energy absorption per-
formance of the metamaterial in the multi-stable mode and the mono-stable mode was investigated by repeated
loading experiments. The effect of the residual stress on the energy absorption performance of the metamaterial
was studied with the natural aging method. The results show that, the specific energy absorption of the de-
signed metamaterial first decreases and then stabilizes with the increase of the number of loading times in the
case of repeated loading. In both the multi-stable mode and the mono-stable mode, the natural aging method
can effectively release the residual stresses in the metamaterial, thus improving its repeated energy absorption

performance.
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Fig. 1  The structural design of the metamaterial
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Table 1 ~ Material parameters of the specimen

material parameter TPU PLA
density p / (kg/m*) 1250 1 000
Poisson’ s ratio v 0.47 0.24
Young’ s modulus £ /MPa 75 1024
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Fig. 2 The experimental deformation process of the metamaterial
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Fig. 3 Force-strain curves for 20 times of repeated loading on the metamaterial
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Fig. 4 The change in Egg, during 20 times of repeated Fig. 5 The change in Egp, during 20 times of repeated

loading in the multi-stable mode loading in the mono-stable mode
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Fig. 6 The comparison of £y, and Eqy, during 20 times of repeated loading in multi-stable and mono-stable modes
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Fig. 7 Force-strain curves for the 2nd round of repeated loading on the metamaterial in the multi-stable mode
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