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Abstract 

Flexible strain sensors based on conductive polymer nanocomposites have attracted extensive 

attention for their excellent flexibility and sensitivity. However, the current methods used to prepare 

flexible strain sensors often have some shortcomings, such as high cost, lack of flexibility in structural 

design and so on. With the development of additive manufacturing technology, it provides a new idea 

and solution for the preparation of flexible strain sensors. The flexible strain sensors with complex 

structure can be rapidly fabricated by additive manufacturing, but how to obtain better performance is 

still worthy of in-depth research. This report presents the preparation, structure characterization and 

performance research of different thermoplastic polyurethane (TPU) elastomer based conductive 

polymer nanocomposites. Based on these nanocomposites, high-performance strain sensors were 

prepared by fused deposition modeling (FDM), mainly including the following aspects: (1) non-

covalent modification of carbon nanotubes (CNT) was conducted by introducing 1-pyrenecarboxylic 

acid (PCA), and the interaction between polymer and nanofillers was improved. The mechanical 

properties, electrical properties and strain sensing properties of the modified nanocomposites were 

enhanced. The printed sensor showed a high sensitivity (GF = 3.21 at 20% strain), large monitoring 

strain range (0 ~ 250%), excellent stability (up to 1000 loading/unloading cycles) and wide frequency 

response range (0.01 ~ 1 Hz). Based on the tunneling theory, the working mechanism of strain sensor 

was further studied. (2) The hybrid nanofillers of carbon nanotubes and silver nanoparticles (AgNP) 

were prepared by hydrothermal method. The synergistic effect between carbon nanotubes and silver 

nanoparticles was conducive to improve the dispersion of carbon nanotubes in the matrix, which 

further improved the sensitivity of printed CNT/AgNP/TPU strain sensor (GF = 5.97 at 20% strain). 

(3) A variety of piezoresistive sensors with complex structures that could be used to monitor 

compression, tension and tangential forces were printed, including sensors with porous array, spider 

web-like and cross-lever structures, and their performance was also optimized. In addition, these 

sensors also exhibited the ability to monitor human motion and speech, showing the application 

potential in customization fields such as intelligent robots, medical care and wearable electronic 

products. 
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