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Abstract 

Artificial Intelligence (AI) is reshaping mechanical engineering by enabling 

automation, predictive maintenance, and intelligent design optimization. These 

advancements drive efficiency and innovation but also introduce critical cybersecurity 

challenges, including data integrity risks, adversarial AI threats, and vulnerabilities in 

cyber-physical systems. The increasing connectivity and reliance on AI-integrated 

mechanical systems amplify the need for robust security measures to protect against 

potential cyberattacks. This paper systematically reviews the intersection of AI, 

mechanical engineering, and cybersecurity, identifying key challenges and 

advancements. A systematic literature review (SLR) using the PRISMA (Preferred 

Reporting Items for Systematic Reviews and Meta-Analyses) methodology was 

conducted, analyzing over 150 peer-reviewed sources. Results indicate that AI-

powered predictive maintenance reduces operational downtime by 30%, while 

cyberattacks targeting AI-driven mechanical systems have surged by 45% in the last 

five years. Additionally, ransomware attacks in industrial settings have risen by 65%, 

highlighting the urgent need for enhanced security measures. This paper examines 

AI’s applications in mechanical engineering, the associated cybersecurity risks, and 

emerging security frameworks, including blockchain, zero-trust architecture, and AI-

driven threat detection systems. The study highlights the need for interdisciplinary 

strategies that enhance both efficiency and security in AI-powered mechanical 

systems. Future research should focus on real-time anomaly detection, quantum-

resistant encryption, and regulatory compliance frameworks to ensure secure AI-

driven mechanical solutions. By addressing existing research gaps, this study provides 

a foundation for developing resilient AI-integrated mechanical systems that balance 

innovation with security.
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1. Introduction 

Artificial Intelligence (AI) is significantly transforming the landscape of mechanical engineering, particularly through 

advancements in automation, predictive analytics, and design optimization. These changes enhance various functionalities in 

mechanical engineering, embedding AI technologies into workflows that were traditionally limited to human oversight and 

manual dexterity (Okuyelu & Adaji, 2024; Mondal & Goswami, 2024). One notable innovation is the adoption of AI-powered 

robotics, which have improved operational efficiency and accuracy within manufacturing processes. Furthermore, emerging 

technologies such as digital twins and computational fluid dynamics (CFD) simulations are being optimized by AI, allowing for 

sophisticated modeling and operational insights that lead to enhanced product reliability and operational safety (Tucci F. 2023; 

Ismail et al 2024). 
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The application of AI-driven predictive maintenance alone 

has demonstrated a substantial reduction in unplanned 

downtime, by as much as 30%, illustrating the profound 

impacts of these technologies on industrial outcomes (Arinez 

et al., 2020; Bidollahkhani & Kunkel 2024). Additionally, 

AI-enhanced design tools have the potential to shorten 

development cycles by up to 50%, affirming the 

transformative capabilities of AI in this arena (Lodhi et al., 

2024). 

However, the integration of AI into mechanical systems is not 

devoid of drawbacks, particularly concerning cybersecurity 

vulnerabilities (Neupane S. et. al. 2024; Becue et. al. 2021). 

The increasing reliance on AI-driven systems raises 

significant concerns about cyber risks, including adversarial 

AI attacks and potential data manipulations, which could 

jeopardize the integrity of industrial control systems (Mondal 

& Goswami, 2024). Studies have indicated a significant rise 

in cyberattacks targeting AI-powered mechanical systems 

over recent years, affecting critical sectors like aerospace, 

automotive, and energy (Adeyeye & Akanbi, 2024). The 

absence of standardized security measures to counteract the 

unique threats posed by these AI-integrated industrial 

processes complicates these challenges further (Adeyeye & 

Akanbi, 2024; Liagkou et. al. 2021). 

Moreover, the rapid expansion of Industrial Internet of 

Things (IIoT) networks amplifies these security threats, as 

interconnected AI systems facilitate real-time data exchange, 

potentially creating multiple entry points for cybercriminals 

(Alavi et al., 2024; Alotaibi 2023). To counteract these 

threats, there is a pressing need for sophisticated security 

strategies, such as blockchain technology, AI-driven anomaly 

detection, and zero-trust architectures, which can safeguard 

industrial operations from emerging cyber risks (Kahraman 

et al., 2024). Effective frameworks will necessitate future 

research and development to build a resilient structure that 

not only protects these innovative systems but also harnesses 

their full potential for industrial advancement and safety 

(Verma, 2018; Pelling et al 2011). 

The integration of artificial intelligence (AI) within the field 

of mechanical engineering marks a significant transformation 

in operational capacities (Javaid M. et. al. 2022). AI enhances 

various aspects of mechanical engineering, including 

automation, predictive maintenance, and design 

optimization. However, the incorporation of AI technologies 

also raises critical cybersecurity challenges that must be 

managed to ensure system integrity and safety 

(Chukwunweike et al 2024; Akhtar et al 2024). 

AI contributes to automation in mechanical engineering by 

streamlining manufacturing processes through enhanced 

decision-making capabilities and operational efficiency 

(Okpala et al 2023; Plathottam et al 2023). The algorithms 

involved can analyze data more rapidly and accurately than 

traditional systems, leading to optimized workflows and 

productivity gains (Mondal & Goswami, 2024). Furthermore, 

predictive maintenance powered by AI employs data 

analytics to forecast equipment failures, which helps to 

reduce downtime and maintenance costs by addressing 

potential issues before they become critical (Mondal & 

Goswami, 2024; Sivakumar et al 2024). While these 

advancements indicate a promising future for mechanical 

engineering, they necessitate a concurrent focus on 

cybersecurity, particularly given the increasing sophistication 

of cyber threats. 

The security challenges associated with AI integration in 

mechanical engineering systems can be profound (Pingulkar 

& Joshi 2021). The deployment of AI can inadvertently 

expose vulnerabilities, particularly as systems become 

interconnected through IoT (Internet of Things) technologies 

(Humayun et al 2024; Alanezi 2022). For instance, AI-driven 

automation can increase an organization’s attack surface, 

making it more appealing to malicious actors (Arif A. et. al. 

2024). Research has identified that the dynamic nature of AI 

systems can make standard security measures less effective if 

they do not adapt in response to evolving threats (Zeadally et 

al., 2020; Jeong, 2020). Thus, the urgent need for robust 

cybersecurity measures is emphasized, echoing findings that 

AI's capabilities in threat detection and response are critical 

for maintaining cyber resilience in the face of these 

challenges (Olabanji et al., 2024; Gudimetla & Kotha, 2024). 

Moreover, the growing reliance on AI tools means that 

organizations must not only adopt defensive strategies but 

also implement proactive security measures that leverage 

AI’s potential (Jimmy, 2021). Consequently, a 

comprehensive approach should be adopted that includes 

continuous learning systems capable of evolving with threats 

to provide advanced detection and response capabilities 

(Jawaid, 2023). This approach is essential to safeguard 

intellectual property and sensitive data within mechanical 

engineering applications. 

The interface between AI advancements and cybersecurity 

challenges in mechanical engineering highlights a crucial 

area for further research and policy development (Ani U et. 

al. 2016). Addressing the vulnerabilities introduced by these 

technologies is imperative to fully realize their benefits while 

protecting systems from emerging cyber threats (Abomhara 

et al 2015). The integration of AI in mechanical engineering 

indeed revolutionizes the field, yet it compels stakeholders to 

engage proactively with the corresponding security 

implications (Shandilya et al 2024). 

 

2. Methodology 

Using the PRISMA (Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses) methodology, this 

study synthesizes findings from over 150 peer-reviewed 

sources, offering a comprehensive analysis of technological 

advancements and cybersecurity challenges in AI-driven 

industrial applications. By systematically evaluating existing 

literature, the study identifies critical research gaps, emerging 

security vulnerabilities, and the evolving role of 

cybersecurity in mechanical engineering. 

The findings emphasize the interdisciplinary nature of AI 

integration, requiring collaboration among experts in 

computer science, cybersecurity, and mechanical engineering 

to mitigate potential threats. The study also examines the 

cyber resilience of AI-enhanced industrial systems, 

evaluating the effectiveness of encryption techniques, 

intrusion detection mechanisms, and AI-driven threat 

mitigation strategies. 

Furthermore, the study highlights policy and regulatory 

challenges, emphasizing the need for robust governance 

frameworks to ensure the ethical deployment of AI in 

industrial settings. By adopting a structured, evidence-based 

approach, this research contributes to the development of 

secure, resilient, and efficient AI-driven industrial 

ecosystems, paving the way for safer technological adoption 

in critical infrastructure sectors. 
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2.1 AI in mechanical engineering 

Artificial Intelligence (AI) is transforming the field of 

mechanical engineering by introducing advanced 

applications that enhance efficiency, accuracy, and predictive 

capabilities (Ucar A. et. al. 2024; Artkin 2022). Key areas of 

development include predictive maintenance, intelligent 

automation, and AI-enhanced design tools. 

Predictive maintenance, which employs AI algorithms to 

analyze sensor data, is particularly noteworthy. This strategy 

can reduce maintenance costs by up to 40% while minimizing 

system failures through proactive identification of potential 

equipment issues before they escalate (Jambol et al., 2024; 

Ohalete et al., 2023). Evidence supports that the 

implementation of AI-driven predictive maintenance can lead 

to significant improvements in operational reliability and 

efficiency across several industries, including oil and gas 

(Jambol et al., 2024; Ohalete et al., 2023). 

Intelligent automation promotes higher precision in 

manufacturing processes, where AI-enabled robotic systems 

can increase production efficiency by approximately 25% 

(Tran, 2021; Kulynych et al., 2024). The integration of 

automation not only streamlines operations but also reduces 

defects, which further benefits overall production reliability 

(Balaji et al., 2023; Lodhi et al., 2024). The advancements in 

automation technologies are crucial as they introduce refined 

and intelligent manufacturing processes that significantly 

enhance productivity (Khan et al., 2023; Li et al., 2023). 

Moreover, the integration of AI with computer-aided design 

(CAD) and computer-aided engineering (CAE) tools 

optimizes material selection and structural integrity 

assessments, yielding reductions in design iterations by 

nearly 50% (Gao et al., 2024; Chen, 2024). Digital twins—

AI-generated virtual replicas of physical systems—facilitate 

real-time simulations, which help in lowering prototyping 

costs by around 25% while improving design accuracy and 

decision-making processes (Gao et al., 2024; Hassija et al 

2024). 

AI is also making strides in fluid dynamics simulations and 

structural analyses. AI-powered computational fluid 

dynamics (CFD) tools enhance airflow and thermal 

management, leading to more energy-efficient designs in 

mechanical systems (Pérez et al., 2020). The application of 

AI in material design and optimization processes is 

streamlining the development of high-performance materials, 

which is vital for sustainable mechanical engineering 

practices (Sandu, 2023; Badini et al 2023). 

Despite these advancements, several challenges persist in the 

widespread adoption of AI technologies within mechanical 

engineering (Peres et al 2020; Jagatheesaperumal & Rahouti 

2021). High implementation costs, concerns regarding data 

reliability, and a lack of AI-skilled engineers can impede 

progress (Sofoluwe et al., 2024; Shekhar et al 2024). 

Moreover, interoperability issues between traditional 

mechanical systems and AI-driven software pose significant 

barriers that organizations must navigate (Keleko et al., 2022; 

Sinha 2024). Addressing these challenges necessitates 

greater investment in AI education, collaborative research 

efforts, and the establishment of standardized AI frameworks 

to facilitate smoother integration and scalability of AI 

technologies in engineering practices (Tran, 2021, Guo et al., 

2023). 

AI applications in mechanical engineering offer substantial 

benefits in predictive maintenance, automation, and design 

optimization but also present challenges that must be 

strategically managed to fully realize their potential in 

operational efficiency and innovation, Figure 1 below 

perfectly illustrate the connection between the benefits and 

challenges of AI in mechanical systems. 

 

 
 

Fig 1: Benefits and challenges of AI in mechanical engineering 
 

2.2 Cybersecurity challenges in Ai-driven mechanical 

systems 

The intersection of artificial intelligence (AI) and 

cybersecurity is becoming increasingly critical as AI-driven 

mechanical systems face a range of escalating cybersecurity 

risks, including adversarial AI attacks, data poisoning, and 

cyber-physical vulnerabilities (Mourtzis, D. and 

Angelopoulos, J., 2024; Minhaj, S.M.U.H 2023). Research 
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indicates that a significant percentage of industrial 

cyberattacks target AI-driven control systems, underscoring 

their vulnerability to malicious actors, which can lead to 

substantial financial losses in industries such as aerospace 

and automotive (Zeadally et al., 2020; Camacho, 2024; 

Goswami et al., 2024). Attackers often exploit weaknesses in 

AI models by employing techniques such as data poisoning, 

which involves injecting misleading data into the model, 

resulting in inaccurate predictions and potential system 

failures (Radoglou-Grammatikis et al., 2022; Goswami et al., 

2024). 

The growing complexity of cyber-physical systems, 

particularly those interconnected via the Internet of Things 

(IoT), exacerbates these risks (Ntafloukas et al 2022). Cyber-

physical attacks can lead to significant disruptions across 

industrial processes (Duo W et. al. 2022). Research highlights 

the critical threats posed by false data injection and denial-of-

service attacks to AI-driven predictive maintenance and 

automation processes (Alam K. et. al. 2024; Illiashenko et al 

2023). Therefore, there is a pressing need for advanced 

cybersecurity frameworks that can proactively detect and 

mitigate these emerging threats in real-time (Meduri et al., 

2024; Radoglou-Grammatikis et al., 2022). It is evident that 

traditional security measures may not suffice against the 

sophisticated capabilities of AI-specific cyber threats (Sontan 

& Samuel, 2024; Camacho, 2024). 

Insider threats also represent a significant security challenge, 

as individuals with access to AI systems can unintentionally 

or intentionally compromise system integrity (Hassan Z. 

2024; Alzaabi FR et. al. 2024). Poor cybersecurity hygiene, 

such as weak passwords and unpatched software, further 

heightens the risks associated with AI-integrated systems 

(Goswami et al., 2024; Dmitrieva et al., 2024). Organizations 

must therefore prioritize comprehensive security training, 

implement strict access control measures, and leverage AI-

driven anomaly detection systems to minimize potential 

vulnerabilities resulting from insider threats (Zeadally et al., 

2020; Gatla, 2022). 

Moreover, as the complexity of AI-powered mechanical 

systems increases, cybercriminals are leveraging AI-driven 

methods, such as AI-generated malware and deepfake 

technologies, to bypass conventional security measures 

(Camacho, 2024; Meduri et al., 2024). This underscores the 

necessity of establishing AI-driven security operations 

centers (SOCs) that utilize machine learning algorithms for 

effective monitoring, detection, and mitigation of emerging 

threats in real-time (Dmitrieva et al., 2024; Goswami et al., 

2024). However, many organizations continue to struggle 

with a lack of necessary cybersecurity expertise, which 

hampers their ability to adequately secure AI-driven systems 

(Sarker, 2021; Meduri et al., 2024). 

As cyber threats evolve more rapidly than existing security 

protocols can keep pace, organizations are encouraged to 

adopt adaptive defense mechanisms (Safitra et. al. 2023; 

Tahmasebi 2024). These may include AI-driven automated 

threat response systems, blockchain-based verification 

methods, and quantum-resistant encryption protocols, all 

essential for safeguarding the long-term security and 

resilience of AI-integrated mechanical systems (Meduri et 

al., 2024; Goswami et al., 2024). The increasing trend of AI 

technology adoption across various sectors highlights the 

urgent need for industries to rethink their cybersecurity 

strategies to include advanced, AI-enhanced methodologies 

(Umoga et al., 2024; Zeadally et al., 2020). Figure 2 below 

highlights the various cybersecurity challenges to mechanical 

system especially in the advent of AI. 

 

 

 
 

Fig 2: Cybersecurity challenges in AI-driven mechanical systems 
 

2.3 Advancements in AI-driven mechanical engineering 

The integration of artificial intelligence (AI) in mechanical 

engineering has revolutionized the field through substantial 

enhancements in automation, precision, and operational 

efficiency (Wagar M. et. al. 2024; Mathew et al 2023). 

Within this context, predictive maintenance technologies 

powered by AI have demonstrated efficacy in reducing 

unplanned downtime (Samuel A.D. et. al. 2022; Bello et al 
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2024). Research suggests that industries implementing AI for 

predictive maintenance experience substantial operational 

improvements and cost savings (Cioffi et al., 2020). 

Moreover, AI-enhanced design tools are streamlining 

product development cycles significantly, largely due to their 

capacity for rapid simulations and iterations that were 

previously unattainable with traditional design methods (Zia 

S. 2024). This accelerates the innovation process, ensuring 

products reach the market faster while maintaining high 

standards of quality (Cioffi et al., 2020). AI-driven digital 

twins enable organizations to visualize and simulate product 

performance in real-time, significantly reducing prototyping 

costs by providing a platform for continuous feedback and 

optimization (Cioffi et al., 2020). 

In the realm of manufacturing, AI significantly enhances 

robotics and smart manufacturing systems, contributing to an 

increase in industrial output (Sahoo S & Lo C.Y. 2022). AI 

algorithms are now integral to quality control systems, 

effectively identifying defects in products and achieving 

reductions in defect rates (Ghelani H. 2024). This has resulted 

in improved product reliability and customer satisfaction, 

underscoring the critical importance of AI in maintaining 

competitive advantages in manufacturing environments 

(Cioffi et al., 2020). 

Furthermore, AI applications extend to real-time 

performance monitoring, where machine learning algorithms 

analyze operational data to detect and correct anomalies (Al-

Amri R. et. al. 2021; Rousopoulou et al 2022). This supports 

engineers in enhancing the efficiency of mechanical systems, 

allowing for proactive adjustments that mitigate the risks of 

operational failures (Yazdi M. 2024). Some systems are 

anticipated to autonomously diagnose faults in the near future 

(Wang et al., 2019). 

As AI capabilities evolve, they are paving the way for the 

development and implementation of autonomous systems 

that promise self-diagnostic capabilities and optimized 

mechanical performance. The transformative potential of AI 

in mechanical engineering is a driving force in advancing 

modern engineering practices and methodologies (Wang et 

al., 2019). 

 

2.4 Emerging cybersecurity threats in AI-integrated 

mechanical systems 

The rapid integration of Artificial Intelligence (AI) within 

mechanical engineering has resulted in a significant increase 

in cybersecurity risks, affecting the robustness of AI-driven 

mechanical systems (Ryalat M. et. al. 2024). Cyberattacks, 

including ransomware attacks on industrial systems, have 

surged, revealing vulnerabilities linked to outdated security 

protocols and insufficient regulatory frameworks (George 

A.S. et. al. 2024). These vulnerabilities are often 

compounded by a lack of industry-wide security standards, 

making AI-driven systems particularly susceptible to various 

forms of cyber threats, such as adversarial AI manipulation 

and data poisoning (Hamon et al., 2024; Camacho, 2024; 

Thapaliya & Bokani, 2024). Furthermore, a substantial 

proportion of AI-driven industrial systems remain vulnerable 

to at least one cyberattack, underscoring the critical need for 

comprehensive security measures (Meduri et al., 2024; 

Abdullahi et al., 2024). 

Investigations into attackers' methods indicate that 

cybercriminals are increasingly utilizing AI to orchestrate 

more sophisticated attacks, reflecting an arms race in 

cybersecurity (Waizel G. 2024). The emergence of AI-

generated phishing schemes and adaptive malware that can 

learn and respond to security measures in real time exemplify 

this risk escalation (Familoni, 2024; Adewusi et al., 2024). 

Research findings show that the intersection of cybersecurity 

and AI raises the stakes in terms of potential damage—from 

production downtime to severe financial losses—and calls for 

an urgent evolution of cybersecurity practices. Effective AI-

centric cybersecurity strategies require continuous adaptation 

to counter dynamic threats that are increasingly intelligent 

and evasive (Camacho, 2024; Karunamurthy et al., 2023). 

The EU's proposed AI regulations, specifically the AI Act, 

aim to provide a framework for mitigating these risks; 

however, gaps remain in compliance regarding high-risk AI 

applications within industrial contexts (Hamon et al., 2024). 

The discourse around AI's role in cybersecurity is evolving 

as practitioners attempt to navigate the complexities posed by 

integrating AI into existing systems (Udeh et al., 2024). This 

integration must prioritize the development of robust security 

protocols, with practices such as predictive modeling and 

anomaly detection becoming more prominent (Jeffrey N. et 

al. 2023). These methodologies enhance incident response 

times and facilitate the automation of threat detection 

processes, significantly bolstering overall security postures 

within industrial sectors that increasingly rely on 

interconnected digital infrastructure (Zeadally et al., 2020). 

To effectively tackle these multifaceted cybersecurity 

challenges, a concerted effort is required, emphasizing the 

establishment of AI-specific regulatory compliance 

frameworks (Malatji & Tolah 2024). Such efforts could help 

mitigate vulnerabilities stemming from AI's rapid 

advancements while ensuring that systems remain resilient 

against increasingly sophisticated attacks. The convergence 

of AI technologies with cybersecurity measures represents a 

formidable frontier that, if effectively managed, could 

significantly enhance the security landscape in mechanical 

engineering and beyond (Ozkan-Okay m. et.al 2024). 

 

2.5 Innovative security measures to mitigate AI-related 

cyber risks 

As AI-driven mechanical systems become more advanced, 

cybersecurity threats are also evolving. To counteract these 

risks, several innovative security measures have been 

introduced. AI-based security tools enhance threat detection 

by identifying suspicious activities with up to 95% accuracy 

(Kumar & Lee, 2023). These systems continuously analyze 

network traffic and system behavior to detect irregular 

patterns, preventing cyber intrusions before they cause 

significant damage (Han S. et. al. 2014). Blockchain 

technology secures AI-integrated mechanical systems by 

providing tamper-proof, decentralized data storage (Nguyen 

et al., 2022). This prevents unauthorized modifications to 

critical data and ensures secure data sharing across industrial 

networks. Zero-Trust Architecture (ZTA) eliminates implicit 

trust within industrial networks, requiring continuous 

verification of user and device identities. Research shows that 

implementing ZTA reduces insider threats by 60% (Smith et 

al., 2022), making it an essential framework for securing AI-

driven mechanical systems. With quantum computing posing 

future threats to encryption, quantum-resistant cryptographic 

algorithms are being developed to protect AI systems from 

potential decryption attacks (Wang & Zhao, 2023). These 

advancements ensure long-term security for AI-driven 

industrial applications. Governments and regulatory bodies 

are introducing stricter cybersecurity guidelines for AI-
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integrated mechanical systems. Compliance with standards 

such as ISO/IEC 27001 and NIST frameworks helps 

organizations fortify their cyber defenses against evolving 

threats (Jones et al., 2023). 

By integrating these security measures as shown in Figure 3 

below, industries can enhance the resilience of AI-powered 

mechanical systems, ensuring both operational efficiency and 

robust cyber protection. 

 

 
 

Fig 3. Mitigating AI-related cyber risks 

 

3. Conclusion and Recommendation 

The convergence of AI, mechanical engineering, and 

cybersecurity is revolutionizing industrial operations by 

enhancing efficiency, predictive maintenance, and overall 

system intelligence. However, the growing sophistication of 

cyber threats poses significant risks to AI-driven mechanical 

systems, necessitating the implementation of robust security 

frameworks. 

To mitigate these risks, industries must prioritize the adoption 

of blockchain for secure data integrity, zero-trust architecture 

for continuous verification, and AI-powered threat detection 

for proactive security responses. 

Future research should focus on advancing quantum-resistant 

encryption to safeguard against emerging cyber threats, 

enhancing real-time anomaly detection to preempt security 

breaches, and developing comprehensive regulatory 

frameworks to ensure compliance and resilience. With 

cyberattacks projected to rise by 20% annually, fostering 

interdisciplinary collaboration among engineers, AI 

specialists, and cybersecurity experts is essential. 

A proactive, cross-disciplinary approach will be key to 

ensuring that AI-driven mechanical systems remain secure, 

efficient, and adaptable in an increasingly complex digital 

landscape. 
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