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Abstract: Line heating is a critical process for forming ship hull outer plates, involving complex thermo-
mechanical coupling effects. The deformation process is intricate, making real-time, dynamic, and accurate
prediction of its spatiotemporal evolution challenging. To address this issue, this paper proposes a CNN-
Double-Layer LSTM-AM model that integrates spatiotemporal features. The model uses a single heating line
as a time step to dynamically predict transverse shrinkage and angular deformation. The model incorporates
key influencing factors of line heating deformation: it employs a Convolutional Neural Network (CNN) to
extract spatial features from deformation data, utilizes Double-Layer Long Short-Term Memory (LSTM)
networks to model both temporal dependencies among multiple heating lines within a single plate and
deformation correlations between multiple plates, and introduces an Attention Mechanism (AM) to enhance

feature weights of critical time steps. Results demonstrate that the model achieves a Mean Absolute Error
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(MAE) of 0.0383 for angular deformation prediction and an R’ coefficient of 0.96 for transverse shrinkage
prediction, which effectively solves the spatiotemporal dynamic evolution prediction challenge in line heating
deformation processes and provides technical support for realizing closed-loop intelligent control of
"processing-prediction-feedback".
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Fig.1 Framework of data-driven spatiotemporal dynamic prediction for line heating deformation
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Fig.2 Definition of line heating deformation
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Fig.3 Relationship between composite variables and deformation and integration of influencing factors
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Fig.5 Geometric parameters and experimental specimen of line heating
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Fig.6 Comparison between simulated and experimental values of line heating deformation
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Tab.1 Heating line sequence for line heating
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L1-L8—L2—19—L3—L10—L4—L11->L5—L12—L6—L13—L7—L14
L1—>L2—L3—-L4—L5—L6—L7—L8—L9—L10—L11—>L12—L13—L14
L1-L2—L3—L4—L5—L6—L7—L14—L13—L12—L11—->L10—L9—L8

U, Ul
+1.252E+00
+1.071E+00

U, U3
+3.748E+00
+3.268E+00
+2.788E+00
+2.307E+00

—9.475E-02
—5.751E-01
—1.056E+00
—1.536E+00
—2.016E+00
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Fig.7 Simulated results of line heating deformation in the x and z directions
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Fig.8 Simulated deformation process of line heating with 14 heating lines for Plan 1
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