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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 (Al) and computational intelligence (Cl) have enabled efficient modeling, simulation, and optimization of these
materials by integrating machine learning, deep learning, and evolutionary algorithms. This study reviews and analyzes
Al-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.

Keywords: Artificial Intelligence, Computational Intelligence, Fiber-Reinforced Composites, Metal Matrix Composites, Polymer
Matrix Composites, Machine Learning, Optimization, Neural Networks.

How to Cite: Parthasarathi Mishra (2025) Al and Computational Intelligence Methods for Modeling and Optimization of Fiber-
Reinforced Metal and Polymer Matrix Composites. International Journal of Innovative Science and Research Technology,
(ICMST-2025), 61-65. https://doi.org/10.38124/ijisrt/25nov756
I INTRODUCTION driven, and predictive frameworks. Al methods such as
artificial neural networks (ANNS), support vector machines

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 (Al)

and computational intelligence (CI) has transformed
composite material research by offering adaptive, data-
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(SVM), decision trees, and ensemble learning can model
intricate relationships between material composition, process
parameters, and resulting performance metrics. Meanwhile,
Cl 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.

1. LITERATURE REVIEW

The integration of Al 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 Al-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
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conductivity, interfacial

characteristics.

fatigue strength, and bonding
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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), Al 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
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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]
. 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) Al-based modeling,
(iii) Cl-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 Al 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

62


https://doi.org/10.38124/ijisrt/25nov756
http://www.ijisrt.com/

Special Issue, ICMST-2025
ISSN No: -2456-2165

mean absolute error (MAE), coefficient of determination
(R?), 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.

V. 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 R? 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 Al 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]
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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 Al
(XAI) frameworks for enhanced transparency, incorporating
uncertainty quantification into Al-driven predictions, and
linking  multiscale  modeling  with  experimental
validation.[38]

With the advent of Industry 4.0 and digital
manufacturing, Al-Cl-integrated composite material design
is expected to redefine the material development life cycle,
making it faster, smarter, and more sustainable.[39-41]

REFERENCES

[1]. E. Murugesan and G. R. Kannan, "An experimental
study on synthesis of ternary biodiesel through
potassium hydroxide catalyst transesterification,"
Environmental Progress & Sustainable Energy, vol.
42, p. 13958, 2023.

[2]. G. Pradeep, T. Sankaramoorthy, M. Elango, T. N.
Kumar, and R. Girimurugan, "Structural analysis and
mechanical properties of thermal battery by flexible
phase change materials [PCM]," Materials Today:
Proceedings, vol. 56, pp. 3196-3200, 2022.

[3. J. Mohanraj G. Kannan, and M. Elango,
“Intensification of Biodiesel Production by
Optimizing Process Parameters from Waste Cooking
Oil through Response Surface Methodology," in IOP
Conference Series: Earth and Environmental Science,
2022, p. 012017.

[4]. M. Elango, C. S. Dhanalakshmi, P. Madhu, and T. V.
Muni, "Improving the suitability of triple blend
biodiesel in a low heat rejection diesel engine with the
addition of nanoparticle through performance and
emission characteristics analysis," Indian Journal of
Chemical Technology, vol. 32, 2025.

[5]. M. Marappan, A. Mahendran, G. Ravivarman, K. S.
Kumar, M. Elango, S. Kesavan, et al., "Optimized
Cooling Solutions for Lithium-lon Batteries in
Electric Vehicles using PCM Composites,”" in E3S
Web of Conferences, 2025, p. 02011.

[6]. R. Kamalakannan, G. Pradeep, T. NaveenKumar, and
M. Elango, "Machining parameters in WEDM of
EN31 steel using Taguchi technique optimization,"
Materials Today: Proceedings, vol. 50, pp. 1781-
1785, 2022.

[7. R. Janani, S. Bhuvana, V. Geethalakshmi, R.
Jeyachitra, K. Sathishkumar, R. Balu, et al., "Micro
and nano plastics in food: A review on the strategies
for identification, isolation, and mitigation through
photocatalysis, and health risk assessment,"
Environmental Research, vol. 241, p. 117666, 2024.

[8]. V. Geethalaksmi and C. Theivarasu, "Synthesis and
Characterization of Samarium (Il (and Gadolinium
(nn Complexes Containing2-Methoxy-6-((2-
(Piperazin-1yl) Ethylimino) Methyl) Phenol as

WWW.ijisrt.com 63


https://doi.org/10.38124/ijisrt/25nov756
http://www.ijisrt.com/

Special Issue, ICMST-2025
ISSN No: -2456-2165

[9]

[10].

[11].

[12].

[13].

[14].

[15].

[16].

[17].

[18].

[19].

[20].

INISRT25NOV756

Ligand,” International Journal of ChemTech
Research, vol. 9, pp. 941-949, 2016.

V. Geethalakshmi, C. Theivarasu, N. Nalini, and V.
Gomathi, "Spectroscopic, microbial studies and in-
vitro anticancer activity of Pyridine Schiff base ligand
and its lanthanum complexes,” Bulletin of Materials
Science, vol. 46, p. 223, 2023.

V. Geethalakshmi, N. Nalini, and C. Theivarasu,
"Anticancer activity of morpholine schiff base
complexes,” in AIP Conference Proceedings, 2020, p.
100016.

N. Nalini, K. S. Thangamani, V. Geethalakshmi, and
S. Nithyashree, "14 - Innovative nanosensors for
detection of dyes,” in Nanotechnology-based Sensors
for Detection of Environmental Pollution, F. M.
Policarpo Tonelli, A. Roy, M. Ozturk, and H. C. A.
Murthy, Eds., ed: Elsevier, 2024, pp. 265-275.

J. Sethubathi, "Recent Progress in Polymer Matrix
Composites with Chemically Modified Natural Fiber
Reinforcement,” International Journal of Innovative
Science and Research Technology, vol. 10, pp. 828-
833, 2025.

J.  Sethubathi, "Developments in Eco-friendly
Composite Materials: Applications of Chemically
Treated Natural Fibers in Polymers,” International
Journal of Innovative Science and Research
Technology, vol. 10, pp. 823-827, 2025.

J. Sethubathi, "Evaluation of Natural Plant Fibers and
their Hybrid Composites to Improve Polymer
Strength," International Journal of Innovative Science
and Research Technology, vol. 10, pp. 813-817, 2025.
J. Sethubathi, "Chemical Compatibility and
Performance Optimization in Natural Fiber-Based
Polymer Composites,”" International Journal of
Innovative Science and Research Technology, vol.
10, pp. 834-838, 2025.

P. S. S. N. Saravanan , T.A.Sukantha, T.Natarajan,
"Extraction and Characterization of New Cellulose
Fiber from the Agrowaste of Lagenaria Siceraria
(Bottle Guard) Plant," JournalofAdvancesi
nChemistry, vol. 12, pp. 4382-4388, 2016.

P. S. S. N. Saravanan, "Characterization of New
Cellulose Fiber from the Molina (Lagenaria Siceraria)
Plant," Journal of Applied Research and Technology,
vol. 16, pp. 204-210, 2018.

P. M. N.Saravanan, P.S.Sampath, "PINEAPPLE
LEAF  FIBER REINFORCED POLYMER
COMPOSITE AS A REPLACEMENT FOR ABS
PLASTICS IN INDUSTRIAL SAFETY HELMET
SHELL - A REVIEW," International Journal of
Software & Hardware Research in Engineering, vol.
3, pp. 36-46, 2015.

S. Nagappan, S. P. Subramani, S. K. Palaniappan, and
B. Mylsamy, "Impact of alkali treatment and fiber
length on mechanical properties of new agro waste
Lagenaria  Siceraria  fiber  reinforced  epoxy
composites,” Journal of Natural Fibers, vol. 19, pp.
6853-6864, 2022.

N. Saravanan, "Influence on Fiber Parameters on
Mechanical Properties of Natural Fiber Reinforced
Polymer Composites,” in Recent Trends In

[21].

[22].

[23].

[24].

[25].

[26].

[27].

[28].

[29].

[30].

[31].

WWW.ijisrt.com

International Journal of Innovative Science and Research Technology

https://doi.org/10.38124/ijisrt/25nov756

Mechatronics And Industrial Safety Engineering,
2015.

N. Saravanan, N. Kumar, G. Bharathiraja, and R.
Pandiyarajan, "Optimization and characterization of
surface treated Lagenaria siceraria fiber and its
reinforcement effect on epoxy composites,” Pigment
& Resin Technology, vol. 52, pp. 273-284, 2022.

S. Sundaram and M. Kumarasamy, "Joint
characteristics and process parameters optimization
on friction stir welding of AA 2024-T6 and AA 5083-
H111 aluminium alloys," Journal of the Serbian
Chemical Society, vol. 89, pp. 1387-1399, 2024.

E. M. Sundaram, V. Santhosh, M. Sundaresan, and S.
Sakthivel, "Machine Learning Model for Predicting
Tensile Strength of Aluminium Alloy 5083," in 2025
International Conference on Advanced Computing
Technologies (ICOACT), 2025, pp. 1-6.

K. Arunraja, P. Muthugounder, S. Karthikeyan, S.
Ganesan, A. Gowrishankar, and B. Muruganandhan,
"Influences of jute fiber and alumina nanoparticles on
behaviour of polyester composite synthesized via
hand layup route,” in AIP Conference Proceedings,
2025, p. 020290.

S. Ganesan, G. Boopathi, S. Kalaiarasan, B. E.
Jebasingh, P. Muruganandhan, and S. Karthikeyan,
"Synthesis and characteristics evaluation of epoxy
hybrid nanocomposite featured with ramie fiber and
SiC," in AIP Conference Proceedings, 2025, p.
020241.

S. Karthikeyan, S. Manivannan, R. Venkatesh, S.
Karthikeyan, R. Anand, and S. Sasikaran,
"Optimization and Characteristics of Multimodal
Binder on Polymer Nanocomposite for Lightweight
Applications,"” Journal of Environmental
Nanotechnology, vol. 13, pp. 207-216, 2024.

P. Muthugounder, R. D. Kumar, S. Ganesan, A.
Gowrishankar, S. Karthikeyan, and B. E. Jebasingh,
"Featuring of boron nitride on high density
polyethylene/sisal fiber composite: Characteristics
evaluation," in AIP Conference Proceedings, 2025, p.
020246.

S. Karthikeyan, A. Jagadheeswari, J. G. Murali, G.
Kaliannan, S. Marimuthu, and S. Kalaiarasan, "Hot
compression actions on functional behavior of
polyester composite configured with basalt fiber," in
AIP Conference Proceedings, 2025, p. 020294,

S. Marimuthu, R. Ashokkumar, S. Karthick, A.
Karthikeyan, S. Karthikeyan, and R. Gunasekaran,
"Synthetic fiber featured epoxy composite for light
weight application: Performance measures,” in AlP
Conference Proceedings, 2025, p. 020293.

S. Raja, R. M. Ali, Y. V. Babar, R. Surakasi, S.
Karthikeyan, B. Panneerselvam, et al., "Integration of
nanomaterials in FDM for enhanced surface
properties: Optimized manufacturing approaches,"
Applied Chemical Engineering, vol. 7, 2024,

R. Subramani, R. M. Ali, R. Surakasi, D. R. Sudha, S.
Karthick, S. Karthikeyan, et al., "Surface
metamorphosis techniques for sustainable polymers:
Optimizing material performance and environmental

64


https://doi.org/10.38124/ijisrt/25nov756
http://www.ijisrt.com/

Special Issue, ICMST-2025 International Journal of Innovative Science and Research Technology
ISSN No: -2456-2165 https://doi.org/10.38124/ijisrt/25n0ov756

impact,” Applied Chemical Engineering, vol. 7, pp.
11-11, 2024.

[32]. G. Kaliyaperumal, N. Karthikeyan, C. Priya, S.
Karthikeyan, M. Ammaiappan, and S. Prabagaran,
"Hybrid reinforcement’s actions on
flexural/tensile/impact ~ strength  of  polyester
composite made via injection molding route,” in AIP
Conference Proceedings, 2025.

[33]. S. Karthikeyan, S. Manivannan, R. Venkatesh, S.
Karthikeyan, A. Kuila, and S. Lakshmanan, "Impact
of Binder Selection on Functional Properties of
Polymer Nanocomposite Featured with Metal Oxide
Nanoparticle," Journal of Environmental
Nanotechnology, vol. 13, pp. 262-270, 2024.

[34]. S. Raja, R. Ali, S. Karthikeyan, R. Surakasi, R.
Anand, N. Devarasu, et al., "Energy-Efficient FDM
Printing of Sustainable Polymers: Optimization
Strategies for Material and Process Performance,”
Applied Chemical Engineering, vol. 7, p. 10.59429,
2024.

[35]. A. Saravanakumar, J. G. Murali, A. Kuila, S.
Karthikeyan, S. Ganesan, and A. Gowrishankar,
"Biodegradable bast fiber made polypropylene
composite via hot compression: Characteristics
study," in AIP Conference Proceedings, 2025, p.
020291.

[36]. R. Venkatesh, G. Kaliyaperumal, S. Manivannan, S.
Karthikeyan, V. Mohanavel, M. E. M. Soudagar, et
al., "Performance Evaluation of Nano Silicon Carbide
Configured  Aluminium Alloy with Titanium
Nanocomposite via Semisolid Stir Cast,” SAE
Technical Paper 0148-7191, 2024.

[37]. R. Venkatesh, G. Kaliyaperumal, S. Manivannan, S.
Karthikeyan, V. Mohanavel, M. E. M. Soudagar, et
al., "Characteristics of Magnesium Composite
Reinforced with Silicon Carbide and Boron Nitride
via Liquid Stir Processing," SAE Technical Paper
0148-7191, 2024.

[38]. A. N. Arulsamy, G. S, B. Murugesan, S. J. Samuel
Chelladurai, M. K. Selvaraj, V. Palanivel, et al.,
"Experimental investigation on microstructure and
mechanical properties of friction welded dissimilar
alloys," Advances in Materials Science and
Engineering, vol. 2022, p. 5769115, 2022.

[39]. K. Krishnasamy, J. Palanisamy, and M.
Bhuvaneshwarana, "A review on natural fiber
reinforced biocomposites  properties and its
applications,” in AIP Conference Proceedings, 2024,
p. 020015.

[40]. J. Venkatesh, M. Bhuvaneshwaran, and P. Jagadeesh,
"Experimental Analysis on Mechanical Properties of
Hemp/Rice Cereal Fibre Reinforced Hybrid
Composites for Light Weight Applications,” in
International Symposium on Lightweight and
Sustainable Polymeric Materials, 2023, pp. 377-385.

[41]. J. Palanisamy, K. Karthik, G. Subbiah, and K. K.
Priya, "Advanced Characterization of Alangium
Salviifolium Bark Fibre: Thermal, Structural, and
Chemical Properties for High-Performance Polymer
Composite Reinforcement," Results in Engineering, p.
105296, 2025.

INISRT25NOV756 WWW.ijisrt.com 65


https://doi.org/10.38124/ijisrt/25nov756
http://www.ijisrt.com/

	I. INTRODUCTION
	II. LITERATURE REVIEW
	III. METHODOLOGY
	IV. RESULTS AND DISCUSSION
	V. CONCLUSION AND FUTURE SCOPE
	REFERENCES


