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Table 1 Material properties

E/GPa | E,/GPa | E,/GPa Pz

144 9.3 9.3 0.312
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Fig. 9 Multi-path dense strain measurement and two-dimensional interpolation results in

composite laminate
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Table 3 Error of quantitative characterization of damage
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WALE (x, ) /mm JregaseyS) 5 R /mm? a0
5 N 2 DA / N PR /
HLSE P mm B 2% mm
5 (40,55) (41.7,55.1) 1.7 400 399 1.0
10 (40,55) (41.9,55.2) 1.9 400 400 0
15 (40,55) 1(41.9,553) 1.9 400 400 0
20 (40,55) (42.0,55.3) 2.0 400 395 5.0
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Quantitative Identification Method of Composite Material Delamination
Damage Based on Distributed Optical Fiber Sensing and U-Net Network

WU Zhanjunl, DONG Shanshan’, LI Jianle’, ZHU Mingruiz, ZHANG Shichengz, LIU Haitao’,

SUN Liang’, LI Hanke’, DONG Zimai’, XU Hao'
(1. College of Materials Science and Engineering, Dalian University of Technology, Dalian 116024, China;

2. College of Mechanics and Aerospace Engineering, Dalian University of Technology, Dalian 116024, China)

[ABSTRACT]

Structural health monitoring is a crucial approach for ensuring the safety and integrity of composite

material structures in aircraft. Distributed fiber optic sensors based on backscattered Rayleigh scattering provide data
support for composite material damage monitoring by measuring high-density strain distributions. However, the mapping
relationship between structural strain distribution characteristics and damage is complex, making it challenging to
accurately determine the quantitative information of damage based solely on strain distribution. Additionally, the large volume
of data from distributed fiber optic sensors makes manual analysis of strain data time-consuming and less accurate. To address
this challenge, an intelligent damage identification method based on distributed fiber optic sensing data and the U-Net neural
network is proposed. It aims to automate the precise identification of common delamination damage in composite materials.
Initially, training and validation sets for the U-Net neural network are constructed through finite element simulations.
Subsequently, cantilever loading tests of composite material plates with delamination damage are conducted, and structural
strain distribution data are collected as a test set using distributed fiber optic sensors. The damage identification results
demonstrate that the U-Net neural network can accurately quantify the position, size, and shape of delamination damage.

Keywords: Structural health monitoring (SHM); Composite structures; Distributed fiber optic sensors; Deep learning;
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