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Figure 1 Setup for the wave propagation through composite bar 
composed of two materials with distinctive dynamic properties. 

Part 1: Accurate prediction of microstructure of composite bars using machine learning

Accurate prediction of microstructure of composites using machine learning (Sheng Sang 
et al. Accepted by Advanced simulation and Theory, November 2022  )
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Figure 2. Workflow of modeling process. 80,000 binary bars are randomly generated. FEM simulations are 
performed to generate the output waves at left edge at the bar for each bar configuration.  ML models take output 
waves as input, the binary vectors representing composite configurations as labels. Finally, the trained models make 
predictions about composite bars it has not seen in the data set. 
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Figure 4 The performance of 5 different ML models on 
prediction of the configuration of binary composite bars over 
different dataset sizes.
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Figure 7 A randomly chosen of 4 predicted bars compared to actual bars with 
associated output waves included. These examples are drawn from test sets have an 
overall average prediction accuracy of 95%. 
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Figure 1  Setup for the wave propagation through composite plate composed of two materials with distinctive 
dynamic properties. 

Part 2: Accurate prediction of microstructure of composites plates using machine learning

Prediction of topology of composite 
plates via machine learning and 
propagation of elastic waves, Sheng 
Sang et.al (Under review, Composites 
Communications)
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Figure 2 Influence of the data set size on the ML model. (a) The average accuracy of the ML using 32 signals independently 
and using combined signals. (b) The normalized gini feature importance obtained using 32 signals independently over 
different data set size for each block.

(a)
(b)
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Figure 3.  Test of trained ML models. (a)-(b), A randomly chosen 2 actual composite topologies compared to predicted 
composite topologies. (c)-(d), Prediction of the topologies of composites with only 4 soft blocks, and with only 4 steel blocks, 
respectively. (e) Prediction of composite topologies with low steel blocks occupation ratios(Letters B, L, and C embedded).  
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