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Fig.11 Three-point bending experiment of the embedded sensor laminate
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Cure and Damage Monitoring of Composite Laminates Using Novel
PES/TPU/PVP/CNT Membrane Sensors
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[ABSTRACT)]
properties; however, issues such as rapid damage progression and the difficulty of detecting initial damage have limited

Composite laminates are widely used in the aerospace industry due to their excellent mechanical

their further application. This paper employs a phase-transition—vacuum self-assembly method to fabricate a bionic thin-
film sensor that combines rigidity and flexibility, enabling its low-damage embedding into glass fiber laminates and
successfully monitoring the curing and flexural damage processes of composite materials. The thin-film sensor has a
conductivity of up to 7680 S/cm, a sensitivity (GF value) of 4.01 within the recoverable range, a limit strain of 4.24%, and
a strength of 13.58 MPa. When monitoring the curing of laminates, the sensor can clearly distinguish between the three
stages of heating, temperature holding, and cooling. As verified by DMA, the resin gel point temperature can be
determined from sudden changes in the sensor signal, with a maximum signal change rate of 35%. In drop-weight impact
and cyclic three-point bending tests on laminates, the sensor demonstrated highly linear response characteristics. Sensors
embedded in the neutral plane can accurately capture damage and step signals in the laminate prior to ultimate failure. This
sensor enables full-process monitoring of composite structures from fabrication to failure, providing a viable approach for
health monitoring of aerospace composite structures.

Keywords: Structural health monitoring; Carbon nanotube sensor; Smart composite; Bending test; Cure monitoring
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