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Hail Impact Localization and Energy Classification for Composite
Laminates Based on Multi-Task DenseNet

YANG Lei"?, PANG Qingxin', ZHANG lJiaxi’, CHAI Wanyuan', ZHU Jiayi', WANG Zixian', DU Xinyu'
(1. School of Mechanics and Aerospace Engineering, Dalian University of Technology, Dalian 116024, China;

2. School of Fiber Engineering and Equipment Technology, Jiangnan University, Wuxi 214122, China;
3. AVIC Chengdu Aircraft Design & Research Institute, Chengdu 610091, China)

[ABSTRACT]

Aiming at the hail impact issue of aircraft composite structures, a spatially-constrained multi-task

DenseNet (SCMT-DenseNet) is constructed to realize impact localization and energy classification. The four-channel

guided wave signals collected by piezoelectric sensors are reconstructed into two-dimensional feature maps, and DenseNet

is adopted to extract deep-level features. A spatial attention mechanism is embedded to strengthen the feature

representation capability of critical regions. A three-branch architecture is designed for impact area classification,

coordinate regression and energy grading. Joint optimization under spatial constraints is accomplished by means of

dynamic Gaussian soft labels, grid graph Laplacian regularization and coordinate prior fusion. The experimental results

demonstrate that the proposed method can achieve high-precision identification of hail impact positions and energy levels

on composite plates. The accuracy of impact localization and energy grading reaches 96.1% and 99.6%, respectively.

Moreover, favorable robustness can be maintained even when the number of sensors is reduced. This work provides an

effective technical route for hail impact monitoring and evaluation of aircraft composite structures.

Keywords: Composite structure; Hail impact; DenseNet; Impact localization; Energy classification
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