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Fig. 2 Uniaxial tensile test results of TPU material
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Fig. 3 Test setup for quasi-static compression

20

—Mooney-Rivlin
—Ogden-N3

— Neo Hooke

— Yeoh

- Test

15 20 25 3.5

Nominal strain

Kl 4 TPU MR IEAF LG

05 1.0 3.0

Fig. 4 Hyperelastic constitutive fitting of TPU material
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Fig. 5 (a) Mesh of simulation model; (b) boundary and loading conditions of simulation model;

(c) force-displacement curves of different element sizes
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Fig. 6 Finite element model of cell chain
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Fig. 7 Force-displacement curves of three cell elements
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Fig. 8 Stress contours at different compression stages of (a) cell element 1, (b) cell element 2, and (c) cell element 3
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Fig. 9 Simulated results with the middle part set as rigid body
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Fig. 10 Test and simulated results of force-displacement curves for the specimens: (a) b=2.0 mm; (b) 5=4.0 mm;

(c) b=5.9 mm; (d) deformation of specimens with different thicknesses after compression
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Fig. 11 (a) Test and FE results of force-displacement curves for the specimen; (b) test and revised FE

results of force-displacement curves for the specimen; the deformation process of (c) test specimen,
(d) finite element model, and (e) revised finite element model at various stages of compression
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Fig. 12 Force-displacement curves of different error corrections
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Fig. 13 FE simulated results of structures with (a) different thickness b of curved panels (=2 mm, ¢=25 mm, 4,=50 mm)
and (b) different middle transverse span ¢ (=2 mm, 5=3.0 mm, /4,;=50 mm)
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Novel Buffering Metamaterials with a Long Load Plateau:
Design and Mechanical Characterization
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Abstract: Metamaterials with both reversible deformation and a long load plateau meet the demand for

cyclic buffering, offering great application prospects in protective engineering. However, current
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metamaterials generally suffer from low material utilization, which limits their load-bearing and energy
absorption performance. To address these limitations, a novel buffering metamaterial with a long load
plateau is proposed in this work. Composed of bilaterally symmetric double-arc structures and vertically
symmetric curved plates, the metamaterial is capable of recoverable large deformation and overall cooperative
load-bearing deformation, thereby improving material utilization and optimizing structural load capacity and
energy absorption performance. Experimental tests and numerical simulations were conducted to validate the
long load plateau and recoverable large deformation characteristics of the metamaterial. The influences of
structural geometric parameters on its mechanical behavior were also systematically analyzed. The results
indicate that the long load plateau can be effectively tuned by adjusting the thickness of lateral double arcs,
the thickness of intermediate curved plates, and the central transverse span. Once the intermediate curved
plates are removed, the long load plateau feature disappears, and the force-displacement curve presents an
approximately linear variation. Finite element simulations at equal mass confirm that the proposed meta-
material possesses better buffering performance than similar structures without a long load plateau, and the
underlying buffering mechanism is clarified. The findings provide a novel design strategy for improving the
performance of metamaterials with a long load plateau, and facilitate their application in protective
engineering.

Keywords: metamaterial; structural design; long load plateau; recoverable large deformation; cyclic
buffering
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