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Abstract. The development of novel metal-composite materials requires extensive 

experimentation to determine their mechanical, thermal, and chemical properties. 

Traditional methods involve costly and time-consuming laboratory testing, which can 

significantly delay the material design process. This study explores the application of 

artificial intelligence (AI) to predict material properties based on composition and 

processing parameters, reducing reliance on physical experimentation. Machine learning 

(ML) models, including artificial neural networks (ANNs) and support vector machines 

(SVMs), were trained using extensive material datasets. The results indicate that AI 

models can accurately predict key properties such as tensile strength, hardness, and 

thermal conductivity, thereby accelerating material development and reducing research 

costs.. 
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Introduction Metal-composite materials have become indispensable in industries 

such as aerospace, automotive, and manufacturing due to their superior mechanical and 

thermal properties. However, the traditional process of developing new materials is highly 

dependent on empirical testing, requiring multiple iterations of fabrication and analysis. 

This approach is not only costly but also inefficient, limiting the pace of innovation. In 

recent years, AI-based methods have emerged as powerful tools for predicting material 

properties, leveraging vast datasets to identify correlations between composition, 

processing parameters, and final characteristics. This study examines the role of AI in 

predicting the mechanical and thermal properties of novel metal-composites, with the goal 

of enhancing efficiency in material design and reducing the dependency on experimental 

trials. 

MethodsA comprehensive dataset containing information on metal-composite 

compositions, manufacturing techniques, and mechanical properties was compiled from 

published research and industrial sources. The dataset included variables such as the 

proportion of metallic and reinforcing phases, heat treatment conditions, sintering 
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temperatures, and pressure levels applied during processing. Several ML models were 

implemented, including artificial neural networks (ANNs) for deep learning-based pattern 

recognition and support vector machines (SVMs) for non-linear regression analysis. The 

models were trained using 80% of the dataset, while the remaining 20% was reserved for 

validation. Performance was evaluated using key metrics such as mean absolute error 

(MAE), root mean squared error (RMSE), and R-squared (R²). Feature importance analysis 

was conducted to identify which factors had the greatest influence on predicted material 

properties. 

Results and DiscussionThe trained AI models demonstrated remarkable predictive 

capabilities, with ANN-based models achieving an R² value of 0.92 for tensile strength 

prediction and 0.89 for thermal conductivity. In comparison, SVM models exhibited 

slightly lower accuracy, with R² values of 0.87 and 0.85, respectively. Feature importance 

analysis indicated that the composition of reinforcing elements and the applied heat 

treatment conditions were the most critical factors influencing mechanical strength and 

hardness. The AI models successfully captured the complex relationships between these 

parameters, providing accurate property predictions without the need for physical testing. 

Furthermore, the study highlights the potential for integrating AI-driven material design 

into industrial workflows, enabling rapid prototyping and optimization of metal-

composites. By leveraging AI-based predictions, researchers can explore a wider range of 

compositions and processing conditions without the prohibitive costs associated with 

traditional experimental approaches. This study also underscores the importance of high-

quality datasets in training ML models, as the accuracy of predictions is directly dependent 

on the comprehensiveness and reliability of input data. Future research should focus on 

expanding available datasets, incorporating more experimental variables, and exploring 

reinforcement learning techniques for further improvements in material property 

prediction. 

ConclusionThis study demonstrates that AI models, particularly ANNs, offer a 

highly effective means of predicting the properties of novel metal-composite materials. By 

reducing the reliance on physical experimentation, AI-driven approaches significantly 

accelerate the material development process while lowering research costs. The findings 

emphasize the importance of data quality and feature selection in enhancing model 

performance. Future work should focus on refining predictive algorithms, expanding the 

range of material properties considered, and integrating AI-based approaches with high-

throughput material synthesis techniques. The adoption of AI in material science has the 

potential to revolutionize the way new materials are designed, enabling faster, more cost-

effective, and highly optimized material innovations. 
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