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Abstract

A coaxial structured fiber sensor was developed to overcome the limitations of
existing sensors and apply it to the manufacturing and structural health monitoring of
composite materials. Four perspectives were used to design the fiber sensor,
including load-bearing capacity, improvement of measurement characteristics such
as linearity, repeatability, and noise reduction, minimization of measurement errors
through improved creep resistance, and the ability to measure both temperature and
strain. To achieve this, a coaxial structure was adopted to provide load-bearing
capacity and measurement characteristics simultaneously, and a core fiber based
on ultra-high molecular weight polyethylene with high stiffness and strength was
selected, and the mechanical properties of the fiber were greatly improved through
optimization of its manufacturing and post-processing conditions. In addition, a
microwave-assisted cross-linking method was developed to suppress creep
deformation, which causes significant measurement errors in polymer-based
sensors, and greatly improved the load-bearing capacity and creep resistance of the
core fiber. A dip-coating method was applied to give the manufactured core fiber the
ability to measure temperature and strain. A multilayer structure with conductive
layers of different concentrations and a polyurethane layer was designed to improve
the noise level and linearity of the measurement results from the perspective of
strain measurement. The structure of the strain measurement layer was designed to
significantly improve the linearity of the measurement results while maintaining a
low level of noise.
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