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Fig. 1. (a) 3D printing technique (b) dog bone dimensions (c) thermoplastic polyoretan sample (d) doge
bone of composite material
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Fig. 2. Re-entrant auxetic structures printted by 3D printing technique
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Table 1. 3D printing setup
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3 - The Victor 86C digital multimeter

4 - Hand DMM Data software

1 -Shenzen Xiangu High-Tech Co. (China)

2 -Zwick/Roell z100 universal testing machine
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Fig. 3. (a) Overview of the Zwick Roll Universal Testing Machine (b) Tensile test (c) Stress-strain curve of
polyurethane thermoplastic material (d) Stress-strain curve of sensor material (e) Details of the fixture (f)
experimental setup
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Fig. 5. Finite element mesh of specimen produced with MATLAB software with 136,000 four-node membrane ele-
ment with reduced formulation (S4R)
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Fig. 6. Sequence of deformed of specimen 1 during tensile loading in direction Y experimentally and numerically
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Fig. 7. Sequence of deformed of specimen 2 during tensile loading in direction Y experimentally and numerically
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Table 2. Geometric parameters of unit cell for specimens 1 to 4
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Fig. 12. (a) The auxetic structure used as sensor (b) The magnification one of its unit cell
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Fig. 15. Comparison of performance of conventional and auxetic sensors made with a mixture of silicone
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Fig. 17. Resistance changes over time for the first cycle of a mixed sensor with a volume fraction of chopped carbon
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Fig. 18. Resistance changes over time for the first ten cycles for different volume fractions of chopped carbon fiber
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Fig. 19. Resistance changes in terms of time for a sensor with a volume fraction of 5.53% chopped car-
bon fiber under a tensile loading of 1% to 6%.
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