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Fig.1 Framework for predicting mechanical properties of nanoindentaion based on neural network model
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nanoindentation test
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Fig.3 The power law elasto—plastic stress—strain behavior
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Fig.4 Reverse analysis algorithm for prediction of the power

law elasto-plastic constitution
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Fig.5 Nanoindentation axisymmetric finite element model
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Fig.6 Load versus displacement curves for nanoindentation
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Fig.11 Hyperparameter Bayesian optimization results
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Deep Learning-Assisted Inverse Extraction and Prediction of Nanoindentation
Mechanical Properties of Nanofilm Materials

Yu Pengju, Wei Jiahui, Dai Yanwei, Qin Fei
Beijing University of Technology, Beijing 100124, China

Abstract: Accurate determination of the mechanical properties of nanometallic thin films is crucial for reliability
evaluation. The advancement of artificial intelligence, or deep learning, has been utilized widely to strengthen and
help to find more unknown solutions for the science and technology fields. This paper used nanoindentation testing
and finite element inverse extraction to characterize the mechanical properties of nickel-coated multi-walled carbon
nanotubes reinforced sintered nano-silver. Bayesian tuning algorithm was used for hyperparameters determination in
ANN and CNN models in predicting yield stress, highly accurate prediction of the indentation mechanical properties of
nanofilm materials has been successfully realized. The CNN model, despite with lower training efficiency, showed
higher prediction accuracy and robustness with a coefficient of determination of 0.99. The ANN model is not that well
performed, due to the lack of more input features. This could provide a versatile method for determining the
mechanical properties of nanometallic thin films in the aviation industry and also give some hints on the applications of
deep learning methods in predicting mechanical properties for other materials.
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