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Abstract— The integration of Artificial Intelligence (AI) and 

Machine Learning (ML) in mechanical engineering has led to 

significant advancements in design, manufacturing, materials 

science, and predictive maintenance. This literature review 

synthesizes insights from various research papers, exploring the 

applications of AI/ML in fault diagnosis, structural optimization, 

materials engineering, and computational mechanics. Studies 

highlight AI-driven methodologies, such as deep learning for 

predictive analysis and reinforcement learning for real-time 

control. The review also discusses challenges, including data 

scarcity, model interpretability, and computational costs. Future 

trends suggest AI-enhanced automation, digital twins, and AI-

powered sustainable engineering solutions. 
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I.  INTRODUCTION  

Mechanical engineering has evolved through technological 
advancements, with AI and ML playing a pivotal role in recent 
developments. Traditional methods of design and analysis are 
being replaced by AI-driven optimization, offering improved 
accuracy and efficiency. Research has demonstrated the 
effectiveness of AI in various domains, including material 
selection [1], predictive maintenance [2], and computational 
modeling [3]. AI enables engineers to process large datasets, 
enhance decision-making, and improve mechanical system 
performance. Furthermore, deep learning-based methods are 
being widely adopted for structural health monitoring, fault 
diagnostics, and performance enhancement. The convergence 
of AI with finite element analysis (FEA) has revolutionized 
computational mechanics, allowing faster simulations and 
accurate predictions of mechanical behavior. In manufacturing, 
AI-driven automation enhances production efficiency and 
reduces waste, contributing to sustainable engineering 
practices. Moreover, AI-powered digital twins provide real-
time monitoring and predictive maintenance for complex 
mechanical systems. This paper provides a structured review of 
existing literature, outlining key contributions, challenges, and 
emerging trends in AI-driven mechanical engineering 
applications. 

AI and ML have revolutionized mechanical engineering by 
enhancing decision-making, automating complex tasks, and 
improving efficiency. The application of AI extends across 
multiple areas, including advanced manufacturing, thermal 
systems, robotics, and structural health monitoring. AI-based 
optimization techniques are reducing design iteration time 
while increasing product reliability and performance. With the 
rise of Industry 4.0, AI-powered smart factories and cyber-

physical systems are transforming manufacturing landscapes, 
offering real-time adaptability to production demands. 

In materials science, AI has enabled the discovery of new 
materials with superior mechanical properties, leading to 
breakthroughs in aerospace, automotive, and biomedical 
engineering. AI-driven simulations reduce the need for 
extensive physical testing, accelerating the material 
development cycle. Additionally, predictive maintenance 
powered by AI enhances industrial equipment reliability, 
minimizing downtime and reducing operational costs. 

Computational mechanics is another domain where AI is 
making significant strides. Machine learning-based finite 
element analysis (FEA) models provide faster and more 
accurate structural simulations. These advancements enable 
engineers to predict failure points, optimize designs, and 
improve overall mechanical system performance. 
Reinforcement learning techniques are also being integrated 
into robotics, allowing intelligent control and decision-making 
in automated mechanical systems. 

Despite its benefits, the adoption of AI in mechanical 
engineering comes with challenges. Data scarcity, 
computational expenses, and model interpretability issues 
remain significant barriers. Many AI models require large 
datasets for training, which may not always be available in 
industrial settings. Furthermore, ensuring the reliability and 
robustness of AI-driven systems is crucial, especially in safety-
critical applications such as aerospace and biomedical 
engineering. 

The increasing reliance on AI raises ethical considerations, 
such as job displacement and decision accountability. As AI 
continues to evolve, interdisciplinary collaboration between 
engineers, computer scientists, and policymakers will be 
essential to address these challenges and harness the full 
potential of AI in mechanical engineering. This paper explores 
these aspects, reviewing recent advancements, discussing 
current limitations, and outlining future research directions in 
AI-driven mechanical engineering innovations. 

II. LITERATURE REVIEW 

A. Materials Science and Mechanical Properties 

Guo et al. [1] explored AI-based material design, 
highlighting its role in predicting mechanical properties. Their 
study emphasized machine learning models in the discovery 
and development of new materials with enhanced mechanical 
performance. The research showcased AI’s ability to analyze 
vast datasets to optimize material selection for specific 
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engineering applications. AI-assisted material discovery has 
revolutionized the field by predicting properties with high 
accuracy, reducing the need for time-consuming experimental 
testing, and enabling engineers to explore novel material 
compositions efficiently. 

Akbari et al. [4] introduced MechProNet, a machine 
learning model for predicting metal additive manufacturing 
properties. The study demonstrated how AI algorithms could 
analyze complex interactions in additive manufacturing 
processes, leading to optimized material properties. The 
authors highlighted how AI can significantly reduce defects in 
metal 3D printing and improve mechanical characteristics such 
as tensile strength and hardness. 

Kumar et al. [5] examined reinforcement learning for 
advanced material discovery. The study showcased AI-driven 
molecular simulations for predicting material behavior under 
different conditions. By leveraging AI, researchers can 
accelerate the discovery of high-performance materials with 
tailored properties, minimizing traditional trial-and-error 
experimentation. 

Lee and Choi [6] discussed AI-driven nanomaterial design, 
emphasizing deep learning approaches to predict nanostructure 
properties and optimize their mechanical strength. Their 
research highlighted how AI-based models facilitate precise 
control over nanostructure synthesis, leading to enhanced 
material properties. 

B. Predictive Maintenance and Fault Diagnosis 

Wang et al. [2] utilized deep learning models for 
diagnosing faults in rotating machinery. Their study focused on 
convolutional neural networks (CNNs) and recurrent neural 
networks (RNNs) for real-time fault detection. The integration 
of AI in fault diagnosis has resulted in increased accuracy, 
reduced maintenance costs, and minimized downtime in 
industrial applications. 

Chen and Zhao [7] applied AI optimization techniques for 
thermal system reliability. Their research integrated AI with 
thermodynamic models to enhance the efficiency of heat 
exchangers and HVAC systems. The study demonstrated how 
AI-driven predictive maintenance improves energy efficiency 
and prolongs the lifespan of mechanical components. 

Smith et al. [8] proposed hybrid AI models combining 
physics-based simulations with ML algorithms for predicting 
mechanical system failures. Their work highlights the synergy 
between traditional engineering models and AI, providing more 
accurate failure predictions than conventional methods. 

Zhang and Liu [9] investigated AI-driven vibration analysis 
techniques for real-time monitoring and failure prediction in 
industrial machinery. Their study illustrated how AI-based 
signal processing methods enhance the detection of early-stage 
faults, leading to improved reliability in mechanical systems. 

C. Computational Mechanics and Structural Engineering 

Jasmine and Arun [10] reviewed ML applications in 

structural engineering, emphasizing AI’s role in damage 

detection and load-bearing capacity analysis. Their research 

demonstrated how AI enhances the accuracy and speed of 

structural assessments, reducing manual inspection efforts. 

Vu-Quoc and Humer [11] examined deep learning 

techniques in computational mechanics, particularly in finite 

element analysis (FEA). Their study showcased how AI-

driven FEA models can perform complex structural 

simulations with improved efficiency and precision. 

Patel et al. [12] introduced AI-based stress analysis 

models, showing how neural networks can replace traditional 

finite element solvers. The research emphasized how AI 

accelerates mechanical simulations, enabling rapid design 

iteration and optimization 

Gupta and Sharma [13] discussed AI-driven topology 

optimization techniques for lightweight structural design. The 

study explored how AI algorithms can generate optimal 

geometries, reducing material usage while maintaining 

structural integrity. 

D. Manufacturing and Design Optimization 

Zhang et al. [14] studied AI applications in manufacturing 

and design automation, focusing on generative design 

algorithms. Their research demonstrated how AI-driven 

generative design enhances product innovation by exploring a 

vast range of design possibilities within predefined 

constraints. 

Ahmed [15] explored AI-driven aerodynamic car design 

using DrivAerNet++, an AI-powered simulation tool for 

optimizing vehicle aerodynamics. Their findings revealed that 

AI-enhanced simulations reduce wind tunnel testing costs 

while improving aerodynamic performance 

Brown and Wilson [16] examined reinforcement learning 

in CNC machining, demonstrating how AI can optimize tool 

paths and minimize material waste. The study emphasized 

AI’s role in achieving precision manufacturing with reduced 

operational costs. 

Li et al. [17] proposed deep learning-based defect detection 

systems for quality assurance in smart manufacturing. Their 

work illustrated how AI-powered visual inspection enhances 

defect detection accuracy, improving overall production 

quality. 

E. AI-Driven Digital Twins and Sustainability 

Mylonas et al. [18] analyzed digital twins using physics-

informed neural networks. Their study showcased how AI-

powered digital twins enable real-time performance 

monitoring and predictive maintenance of mechanical 

systems. 

Smith and Brown [19] reviewed AI-driven sustainable 

design in mechanical engineering. The research highlighted 

AI’s potential to optimize material usage and energy 

efficiency, contributing to environmentally friendly 

engineering solutions. 

Harrison et al. [20] investigated AI-based life cycle 

assessments to predict environmental impacts of engineering 

products. Their findings emphasized the role of AI in 

assessing sustainability metrics and guiding eco-conscious 

design decisions. 
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III. CONCLUSION 

AI and ML have transformed mechanical engineering, 
enabling smarter material selection, predictive maintenance, 
and design optimization. Despite challenges such as 
computational costs and interpretability, AI-driven innovations 
continue to shape the industry. The reviewed studies 
demonstrate AI's effectiveness across multiple domains, paving 
the way for future research and industrial adoption. 

The future of AI in mechanical engineering will focus on: 

• Enhanced AI-driven automation in manufacturing 
processes. 

• Development of AI-powered digital twins for real-time 
monitoring. 

• Integration of AI with sustainable engineering 
practices. 

• Advancements in explainable AI for better 
interpretability of ML models. 

This review provides a comprehensive overview of the 
current state and future potential of AI and ML in mechanical 
engineering, setting the stage for further advancements in the 
field. 
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