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Abstract: The advancement of fiber-reinforced composites has revolutionized the design and development of high-

performance materials for aerospace, automotive, and structural applications. However, the complexity of composite 

systems—arising from heterogeneous microstructures, multiple reinforcement mechanisms, and nonlinear mechanical 

behavior—poses challenges in predictive modeling and performance optimization. Recent developments in artificial 

intelligence (AI) and computational intelligence (CI) have enabled efficient modeling, simulation, and optimization of these 

materials by integrating machine learning, deep learning, and evolutionary algorithms. This study reviews and analyzes 

AI-driven methods applied to fiber-reinforced metal matrix composites (MMCs) and polymer matrix composites (PMCs), 

emphasizing data-driven prediction of mechanical, thermal, and tribological properties. The paper further explores 

hybrid computational models combining finite element analysis (FEA) with neural networks, genetic algorithms (GA), and 

fuzzy logic to achieve enhanced predictive accuracy and process parameter optimization. The proposed framework 

demonstrates the potential of AI–CI methods in accelerating material design cycles and optimizing composite fabrication 

processes with improved precision, reduced experimental cost, and higher reliability. 
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I. INTRODUCTION 

 

Fiber-reinforced composites (FRCs) represent one of 

the most significant classes of engineered materials 

developed to meet the modern requirements of high strength-

to-weight ratio, thermal stability, corrosion resistance, and 
design flexibility. The integration of fiber reinforcements 

such as glass, carbon, Kevlar, and natural fibers within metal 

or polymer matrices enables a synergistic enhancement of 

mechanical and functional properties. Despite these 

advantages, the characterization and optimization of FRCs 

remain complex due to nonlinear interactions among 

constituent phases, anisotropic mechanical response, and 

manufacturing variability. Traditional modeling techniques, 

such as analytical micromechanics and finite element 

analysis (FEA), though effective, are computationally 

intensive and often fail to capture stochastic behavior under 

dynamic loading conditions.[1-6] 
 

The growing convergence of artificial intelligence (AI) 

and computational intelligence (CI) has transformed 

composite material research by offering adaptive, data-

driven, and predictive frameworks. AI methods such as 

artificial neural networks (ANNs), support vector machines 

(SVM), decision trees, and ensemble learning can model 

intricate relationships between material composition, process 

parameters, and resulting performance metrics. Meanwhile, 

CI approaches—encompassing genetic algorithms (GA), 
particle swarm optimization (PSO), and fuzzy logic 

systems—offer powerful optimization capabilities that 

complement machine learning-based modeling. Together, 

these methods provide robust solutions for material property 

prediction, design optimization, and process control, 

minimizing the dependence on extensive experimental trials. 

 

II. LITERATURE REVIEW 

 

The integration of AI and composite material science 

has been widely reported over the last two decades. Early 

work in the 1990s focused on applying neural networks for 
property estimation of polymer composites under tensile and 

impact loading. By the early 2000s, hybrid AI-FEA models 

emerged, where neural networks replaced empirical 

constitutive equations to predict stress–strain behavior. More 
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recently, deep learning and ensemble models have achieved 

significant accuracy improvements in predicting thermal 

conductivity, fatigue strength, and interfacial bonding 

characteristics. 

 

 
Fig 1 Classification of Polymer Matrix Composites 

 
In the domain of metal matrix composites (MMCs), 

computational models based on regression and neural 

learning have been applied to optimize fabrication 

parameters such as stir casting speed, reinforcement 

percentage, and preheating temperature. For example, 

multiple linear regression and ANN approaches have 

predicted hardness and tensile strength with accuracy 

exceeding 95%. Similarly, genetic algorithms have been used 

to identify optimal combinations of process parameters that 

maximize mechanical performance while minimizing 

porosity and wear.[7-11] 

 
For polymer matrix composites (PMCs), AI methods 

have been instrumental in process modeling, particularly for 

additive manufacturing, resin transfer molding (RTM), and 

filament winding processes. Machine learning models trained 

on historical experimental data have predicted curing 

behavior, glass transition temperature, and void content with 

high reliability. Fuzzy logic models have been adopted to 

account for uncertainties in fiber distribution, orientation, and 

void formation, leading to enhanced process control and 

consistent quality.[12-15] 

 
Recent developments in deep learning architectures 

such as convolutional neural networks (CNNs) and long 

short-term memory (LSTM) networks have enabled 

automated feature extraction from microstructural images. 

These models facilitate the classification of defect types, 

segmentation of fiber orientation distributions, and prediction 

of residual stress development post-manufacture. The 

combination of such image-based learning models with 

computational fluid dynamics (CFD) and FEA has produced 

hybrid multi-scale frameworks capable of linking 

microstructural design with macroscopic performance.[16-

21] 

 

III. METHODOLOGY 

 

The methodology proposed in this paper combines 

data-driven modeling with computational optimization to 

create a hybrid predictive system for fiber-reinforced 
composites. The framework comprises four major stages: (i) 

data acquisition and preprocessing, (ii) AI-based modeling, 

(iii) CI-based optimization, and (iv) validation using 

simulation and experimental datasets. 

 

In the data acquisition phase, datasets are compiled 

from published experiments and numerical simulations 

involving varying fiber types, volume fractions, and matrix 

materials. The features include process variables such as 

reinforcement percentage, fiber length, matrix composition, 

and process temperature, while target variables include 
tensile strength, impact energy, hardness, and fatigue life. 

 

The AI modeling phase employs multiple architectures, 

including ANN, SVM, random forest, and gradient boosting 

models, to map the nonlinear relationships between input and 

output parameters. Model performance is evaluated using 
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mean absolute error (MAE), coefficient of determination 

(R²), and root mean square error (RMSE) metrics. The 

optimization phase applies genetic algorithms (GA) and 

particle swarm optimization (PSO) to fine-tune process 

parameters that maximize mechanical and thermal 

performance. The fitness function integrates multi-objective 

criteria, including strength, density, and cost efficiency.[22, 

23] 
 

To further enhance reliability, a neuro-fuzzy inference 

system (ANFIS) is incorporated to handle uncertainty and 

improve interpretability. The hybridization of ANFIS with 

GA enables adaptive learning of membership functions, 

leading to optimized fuzzy rules based on performance 

metrics. The results are validated against both experimental 

data and FEA simulations to confirm predictive accuracy and 

generalization. 

 

IV. RESULTS AND DISCUSSION 
 

The developed AI–CI framework successfully models 

the complex nonlinear behavior of fiber-reinforced 

composites. For polymer matrix composites reinforced with 

carbon fibers, ANN models achieved R² values of 0.985 for 

tensile strength and 0.972 for impact strength predictions. 

SVM models performed comparably but required careful 

kernel selection and normalization. For metal matrix 

composites reinforced with SiC particles, hybrid ANN-GA 

models identified optimal reinforcement levels (10–12 wt%) 

and casting temperatures (~740°C) for maximum hardness 

and minimal porosity.[24-27] 
 

The GA-optimized ANN models provided significant 

process improvements—yielding 15–20% enhancement in 

tensile properties and 12% reduction in defect density 

compared to non-optimized conditions. ANFIS-based models 

demonstrated superior interpretability, allowing visualization 

of rule-based relationships between process and property 

parameters.[28-31] 

 

Visualization of feature importance through SHAP 

(SHapley Additive exPlanations) analysis revealed that 
reinforcement fraction, matrix viscosity, and interfacial 

bonding energy are dominant features influencing 

mechanical performance. Furthermore, CNN-based 

microstructure classification models achieved 96% accuracy 

in detecting fiber misalignment and delamination defects. 

These findings highlight that integrating AI with 

computational mechanics offers predictive precision and 

practical process optimization simultaneously. 

 

V. CONCLUSION AND FUTURE SCOPE 

 

The integration of artificial intelligence and 
computational intelligence into the design and optimization 

of fiber-reinforced metal and polymer composites provides a 

transformative framework for materials engineering. By 

leveraging data-driven predictive models and evolutionary 

optimization algorithms, researchers and engineers can 

significantly reduce experimental trial efforts while 

improving material performance consistency.[32-37] 

The present study demonstrates that hybrid ANN–GA 

and ANFIS systems are powerful tools for modeling 

nonlinear interactions in composite systems. They enable 

rapid prediction of mechanical, thermal, and wear behavior 

under varying compositions and fabrication conditions. 

Future research should focus on developing explainable AI 

(XAI) frameworks for enhanced transparency, incorporating 

uncertainty quantification into AI-driven predictions, and 
linking multiscale modeling with experimental 

validation.[38] 

 

With the advent of Industry 4.0 and digital 

manufacturing, AI–CI-integrated composite material design 

is expected to redefine the material development life cycle, 

making it faster, smarter, and more sustainable.[39-41] 
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