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Fig. 1. Computer geometric models: (a) Periodic hybrid composite material I;

(c) random hybrid composite material.
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Table 1.  Database for periodic hybrid composite material.
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Table 2. Database for random hybrid composite material.
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Fig. 2. Schematic of three-level wavelet decomposition.
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Fig. 3. Schematic of artificial neural network: (a) The neuron model; (b) the multilayer feedforward ANN model.
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Fig. 4. Flowchart of hybrid wavelet-based learning method.
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Fig. 5. Effective thermal conductivity distribution of 1000 RVE samples of three kinds of hybrid composite materials: (a) Periodic

=

hybrid composite material I; (b) periodic hybrid composite material II; (¢) random hybrid composite material.
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Fig. 7. Training error and cross-validation error descend as the training iteration increases for three kinds of hybrid composite ma-

terials: (a) Periodic hybrid composite material I; (b) periodic hybrid composite material II; (¢) random hybrid composite material.
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Fig. 8. Frequency distribution of training error and test error of three kinds of hybrid composite materials: (a) Periodic hybrid com-

posite material I; (b) periodic hybrid composite material II; (¢) random hybrid composite material.
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Fig. 9. Grid search diagram of three kinds of hybrid composite materials’ parameters, where the final optimal combination of para-

meters is marked with \V/: (a) Periodic hybrid composite material I; (b) periodic hybrid composite material IT; (c) random hybrid

composite material.
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Fig. 10. Frequency distribution of training error and test error of three kinds of hybrid composite materials: (a) Periodic hybrid

composite material I; (b) periodic hybrid composite material IT; (c¢) random hybrid composite material.
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Table 4.  Anti-noise performance analysis of two kinds of hybrid wavelet-based learning methods.
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Abstract

The hybrid composite materials are a new type of composite material. Due to their complex microscopic
structures, it is very challenging to predict the equivalent thermal conductivities of hybrid composites. In this
paper, an innovative hybrid wavelet-based learning method assisted multiscale analysis is developed to predict
the effective thermal conductivities of hybrid composite materials with heterogeneous conductivity by the
asymptotic homogenization method, wavelet transform method, and machine learning method. This innovative
approach mainly includes two parts: off-line multi-scale modeling and on-line machine learning. Firstly, the
material database about thermal transfer performance of hybrid composites is established by the asymptotic
homogenization method and off-line multi-scale modeling, and then the off-line material database is
preprocessed by the wavelet transform method. Secondly, the artificial neural network and support vector
regression method are employed to establish the on-line machine learning model for predicting the equivalent
heat conduction properties of hybrid composites. Finally, the effectiveness of the proposed hybrid wavelet-based
learning method is verified by numerical experiments on the periodic and random hybrid composites. The
numerical results show that the hybrid wavelet-based artificial neural network method owns the optimal
capability of parameter prediction and anti-noise. Furthermore, it should be emphasized that the hybrid
wavelet-based learning method can not only extract the important features of off-line material database for
random hybrid composites with high-dimensional large-scale data features, but also significantly reduce the
quantity of input data for ensuring the successful on-line supervised learning and improve the training efficiency
and anti-noise performance of the machine learning model. The established hybrid wavelet-based learning
method in this paper can not only be used to evaluate the equivalent thermal conductivities of hybrid composite
materials, but also further extend to the predicting of the equivalent physical and mechanical properties of

composite materials.
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transform
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