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ADVANTAGES AND DISADVANTAGES 1 

OF ARTIFICIAL INTELLIGENCE AI IN 2 

MECHANICAL ENGINEERING 3 

 4 

Abstract 5 

 6 
This report takes a close look at how Artificial Intelligence (AI) is changing the landscape of 7 

mechanical engineering. Focusing on design, manufacturing, and maintenance, the study draws 8 

insights from a broad review of published research, industry publications, and real-world examples. 9 

Among the benefits, the report highlights how AI-driven design tools help engineers create better 10 

solutions, how automated manufacturing leads to greater accuracy and fewer mistakes, and how 11 

predictive maintenance keeps machines running longer and more efficiently. AI is also making it 12 

easier for companies to meet sustainability targets through more innovative energy use. 13 

Still, the report does not shy away from the hurdles. Adopting AI can be costly, especially for smaller 14 

businesses, and there's the real possibility that some jobs will change or disappear, making retraining 15 

important. The technology’s reliability depends heavily on access to high-quality data, and there are 16 

open questions about who is responsible when things go wrong, as well as concerns about data 17 

security. The report suggests that, while AI offers exciting opportunities to boost innovation and 18 

efficiency in mechanical engineering, careful planning is needed. Addressing financial, workforce, 19 

data, and ethical challenges will help ensure AI’s benefits are realized across the industry. 20 

 21 

 22 
 23 
 24 

 25 

 26 

Introduction 27 

AI serves as a transforming power that impacts all industries, including mechanical 28 

engineering. Engineers have received increasing AI-powered enhancements over the past 29 
several decades to tackle complex challenges, operate automated systems, and maximize their 30 
engineering constructs. In mechanical engineering, AI encompasses a broad range of 31 
applications, from advanced robotics to predictive maintenance and smart manufacturing. 32 
The new advancements lead to enhanced operational efficiency, greater design precision, and 33 

multiple options for creative innovation. 34 

The use of AI technology in mechanical engineering began when machine learning 35 
algorithms were integrated into design programs and manufacturing workflows. Engineers 36 
can build sustainable, optimized designs using AI-powered software tools, particularly 37 

generative design, resulting in more efficient solutions. By combining vast databases and 38 
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complex algorithms, these tools generate design simulations that produce innovative 39 

solutions unattainable through human methods (Parsons, 2023). The advancement of 40 
manufacturing techniques through AI depends on automated technologies that reduce human 41 
error and deliver higher product quality (Yang & Yang, 2024). 42 

AI has its most significant impact on mechanical engineering through predictive 43 
maintenance. In the current maintenance system, organizations must conduct their service 44 
activities within set time periods, resulting in excess stoppages and higher operational 45 
expenses. AI systems use embedded sensors to monitor machinery, enabling them to predict 46 

upcoming equipment failures before major breakdowns occur (Ucar et al., 2024). Such 47 
predictive capabilities increase business efficiency and result in extended mechanical system 48 
durability. AI offers great potential for mechanical engineering applications, but organizations 49 
must overcome multiple hurdles to implement it successfully. Businesses and engineers need 50 

to assess two main obstacles stemming from high installation costs and staffing requirements, 51 
as well as employee displacement fears (Kim et al., 2022). AI evolution requires assessing 52 
both the positive and negative aspects to ensure we achieve maximum benefits with 53 
minimized adverse effects. 54 

Research Aim 55 

This report aims to explore the advantages and disadvantages of Artificial Intelligence (AI) in 56 

mechanical engineering, focusing on its role in enhancing efficiency, precision, and 57 
innovation, while also addressing implementation challenges. 58 

Research Objectives 59 

1. To analyze the various applications of AI in mechanical engineering, including design 60 
optimization, predictive maintenance, and automation. 61 

2. To evaluate the benefits of AI in improving operational efficiency, reducing human 62 

error, and fostering innovation in mechanical systems. 63 
3. To investigate the challenges posed by AI adoption in mechanical engineering, such 64 

as high implementation costs and job displacement. 65 
4. To assess the future potential of AI in transforming mechanical engineering practices. 66 

Research Questions 67 

1. How does AI improve the design, manufacturing, and maintenance processes in 68 
mechanical engineering? 69 

2. What are the specific advantages of AI in enhancing operational efficiency and 70 
precision in mechanical systems? 71 

3. What are the primary challenges associated with implementing AI in mechanical 72 
engineering, and how can these be mitigated? 73 

4. What are the potential future developments of AI in the field of mechanical 74 

engineering? 75 

Methodology 76 
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The research investigates how AI impacts mechanical engineering, examining both its 77 

strengths and shortcomings through qualitative methods. Tenga news and industry sector 78 
insights with thorough literature review processes and case evaluations using academic 79 
literature and professional opinions from subject matter experts. The investigation will 80 
provide a thorough explanation of AI technology applications in mechanical engineering with 81 

special attention to demonstrating their advantages and disadvantages. 82 

Data collection requires a systematic review of existing research on AI applications in 83 
mechanical engineering. The research uses peer-reviewed journal articles, conference 84 

proceedings, industry reports, and academic books as its primary sources. The literature 85 
review explains fundamental AI principles in mechanical engineering by exploring critical 86 
applications, including design optimization, predictive maintenance, and automation 87 
(Parsons, 2023). The analysis examines authentic industrial applications by studying how AI 88 

functions within mechanical engineering operations in automotive manufacturing and 89 
aerospace engineering (Yang & Yang, 2024). 90 

The information has been validated through the selection of academic literature and 91 
publications from reputable engineering organizations. The research reviews three important 92 
engineering journals: the Journal of Mechanical Engineering, the Journal of Manufacturing 93 
Science, and the International Journal of Engineering Design. The studied sources provide 94 

detailed research on AI's successful application in mechanical engineering operations (Ucar et 95 
al., 2024). 96 

Between these sections, the authors provide a thematic breakdown of the results, organizing 97 

advantages and disadvantages by efficiency enhancement rates, pricing, and labor workforce 98 

perspectives. The analytical method enables researchers to conduct an all-encompassing 99 

assessment of the benefits and limitations of artificial intelligence technologies in mechanical 100 
engineering applications. A balanced structural overview of artificial intelligence applications 101 

in mechanical engineering emerges from the synthesis of findings obtained from the case 102 
study evaluation and literature review section. The research approach includes theoretical 103 
comprehension and specific AI application illustrations to provide a comprehensive overview 104 

of the field. 105 

Discussion 106 

New developments in mechanical engineering result from AI applications that deliver 107 

advanced automation, higher precision, and improved efficiency. The advantages of Artificial 108 
Intelligence predominantly benefit the industry, but there exist substantive problems that 109 
emerge from its implementation. The research analyzes the positive and negative aspects of 110 
AI in mechanical engineering through studies of design optimization, manufacturing 111 
processes, predictive maintenance, and workforce changes in the industry. The review 112 

includes an unbiased examination of AI influences on the industry that uses academic 113 
publications with industrial case examples as a foundation. 114 

Advantages of AI in Mechanical Engineering 115 

Improved Design and Optimization 116 
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AI produces one of the most important benefits for mechanical engineering by enhancing 117 

design procedures. Engineers utilize generative design techniques of AI for creating advanced 118 
designs that manual techniques cannot produce optimally. AI algorithms enable generative 119 
design to create multiple simulated modifications through databases of specified assessment 120 
criteria, like weight and material characteristics, and structural conditions (Parsons, 2023). 121 

The generative design software from Autodesk enables engineers to describe their design 122 
objectives, after which the system generates various alternatives that use minimum materials 123 
while maximizing structural robustness (Belluomo, 2025). 124 

Through AI, designers optimize their inventions for additive manufacturing technology 125 
because classic design rules become irrelevant for this approach. When engineers utilize AI to 126 
investigate shapes that exceed human intellectual capacity, it creates superior mechanical 127 
components. AI-powered design tools in aerospace and automotive engineering industries 128 

produce more effective components that deliver strong performance at reduced costs 129 
(Belluomo, 2025). 130 

Automation of Manufacturing Processes 131 

Another factor that was noted as a benefit of implementing the proposed system is the aid of 132 

artificial intelligence in automating the manufacturing processes. In assembly lines, painting, 133 
welding, and other processes, it has been seen that robots and other machinery can do jobs as 134 

well as human beings can possibly do, if not even better. Automated systems endure without 135 
requiring the input of a human and are efficient in their operations, thereby raising the 136 
operational activities (Yang & Yang, 2024). AI-integrated robots are widely applicable in 137 

industries that involve repetitive and precise operations, such as automotive manufacturing. 138 

Moreover, it should also be recognized that AI systems are capable of handling changes in 139 
production requirements as they occur. For instance, in industrial contexts, it can be used to 140 
run the manufacturing processes and adjust the settings based on the feedback of the sensors 141 

in order to optimize the performance at any given time. This aspect makes it easier to 142 
accommodate changes in the market demand seasons because products can easily be adjusted 143 

around a platform instead of being constrained in a rigid system of production (Ucar et al., 144 
2024). 145 

Predictive Maintenance and Reliability 146 

The idea of maintenance has been substituted with AI in mechanical engineering. The 147 
conventional practices of equipment maintenance have been based on calendars or events, 148 

which result in frequent breakdowns as well as equipment failure. There is, however, a 149 
contrast with the AI-driven predictive maintenance system that utilizes data from sensors 150 
placed on the machines to determine the probabilities of failure in a certain machine or 151 
component (Ucar et al., 2024). AI can also learn from experience and use future detection 152 

patterns in driving operational data to predict potential failure and suggest what actions to 153 
take in the prevention of failure. By using this approach, it is possible to reduce the 154 
maintenance costs and, at the same time, realize the benefit of getting little or no unexpected 155 
downtimes. It will be especially beneficial for industries mostly involving the use of 156 
machines, such as manufacturers, where machinery is almost always in use, since it will 157 

reduce the need to repair them and therefore save money as well as increase the life of the 158 
machinery (Kim et al., 2022). Moreover, when it comes to maintenance, it is also necessary 159 
to point out that by integrating a rational schedule and frequency of maintenance, the amount 160 

of time that engineers have to dedicate to manual inspections is minimized. 161 
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Energy Efficiency and Sustainability 162 

AI in mechanical systems can help to reduce energy utilization in several ways with the aim 163 
of achieving sustainability. Some of the benefits of AI are the ability to regulate energy 164 

consumption in real-time and optimize the possible factors affecting the power consumption 165 
of machines. Energy is a considerable expense in industries such as manufacturing, and using 166 
AI to make the system more efficient leads to minimizing such expenses, depending on the 167 
energy use that needs to be adjusted (Parsons, 2023). For instance, AI can be used for 168 
analyzing the data coming from meters for energy and systems for heating and cooling of 169 

facilities in order to save energy, thus lowering bills and conserving the environment. It is 170 
also applied in engineering, such as in the creation of optimal mechanical equipment for 171 
efficiency in the energy sector, including engines and turbines. Consequently, through 172 
mimicking various operations, it is possible to determine the alteration of design that leads to 173 

efficiency in the usage of energy as well as optimality in the performance of the system 174 
(Belluomo, 2025). 175 

Disadvantages of AI in Mechanical Engineering 176 

High Implementation Costs 177 

The first and foremost limitation of sophistication in mechanical engineering through AI 178 

techniques is the very high cost of initial investment. Integrating and sustaining AI systems is 179 
not an inexpensive venture; hence, it requires a huge investment in hardware and software. 180 
Automatic systems composed of machines and sensors, robots, automation, and robotic 181 

process automation require a high investment, and generally, there is a need to train staff and 182 
upgrade their skills (Kim et al., 2022). They remain prohibitive to SMEs, thereby presenting 183 

them as a challenge when it comes to embracing Artificial Intelligence technology. Also, the 184 
maintenance, update, and technical support costs incurred by businesses over time are an 185 

issue. The rapidly evolving technology means that systems may become obsolete within a 186 
short time, hence leading to the upgrade of the systems. This can nurture a cycle of 187 
investment that may prove to be unbeneficial for some firms, especially those that lack 188 
financial capital to invest in the project (Belluomo, 2025). 189 

Job Displacement and Workforce Challenges 190 

AI technology integration into mechanical engineering has implications of massive job loss 191 

again. This is due to the increasing advancement of artificial intelligence, the use of which 192 
causes a reduction in the number of human workers in several concentrations of mechanical 193 

engineering. This is perilous since it results in job cuts, especially where individuals are 194 
involved in assembly line work or operating sophisticated machines and equipment (Ucar et 195 
al., 2024). However, there is a need for specialized and skilled workers to implement AI, 196 
design, operate, and support these systems. Though AI helps engineers who have vast 197 
experience in AI and machine learning to be in high demand, it poses a challenge to engineers 198 

whose jobs are being done by automated systems (Kim et al, 2022). The question, therefore, 199 
is how to minimize the risks associated with AI-based organizations and maximize the 200 
potential of AI while avoiding adverse effects on most employees. 201 

Complexity and Dependence on Data Quality 202 
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Specifically, it has to be stated that, like any other AI system, mechanical engineering 203 

applications depend much on the quality of the data fed into it. Deep learning models utilize 204 
significant data, which, in turn, requires pure and accurate data as input information. 205 
However, there are cases when it is difficult to gather accurate and credible information 206 
within an industry. For instance, in the case of predictive maintenance, it has to be fed with 207 

data from the machines' sensors to make its forecast. In the case of poor data quality or 208 
incomplete data, the AI system returns wrong results, hence the company may develop wrong 209 
maintenance strategies and time, or even machines might give way (Yang & Yang, 2024). 210 
However, the AI models can be complex to comprehend and, in some cases, will be complex 211 
to deploy. It may be a problem for mechanical engineers to diagnose why AI systems are not 212 

functioning as required sometimes. Consequently, there is dependency on AI in engineering, 213 
risking engineers to ignore manual inspections or traditional methods of solving some 214 
problems (Belluomo, 2025). 215 

Ethical and Security Concerns 216 

However, the application of AI in mechanical engineering has some ethical and security 217 
implications as well. Robotics, in which the decision is made by the AI, or any process that 218 
has self-operating autonomy, could pose a problem: accountability. For instance, if the AI-219 

driven robot became uncontrollable and harms someone then it becomes challenging to 220 
establish who is to blame either the designer of the robot, the designer of the AI system, or 221 

the organisation which deployed the system (Parsons, 2023). Also, when integrated into 222 
mechanical systems, the potential risk to hackers increases, as they may use it as a target and 223 
attack it. Security of artificial intelligence is vital for the production's dependability and 224 
protection against unlawful modification (Ucar et al., 2024). Top executives and managers 225 

bear the responsibility to enhance the proper protection of AI systems that their firms use by 226 

investing in more efficient security systems. 227 

Conclusion 228 

In terms of utilizing AI in the field of mechanical engineering, the opportunities are 229 
interesting, but the challenges are profound. On the one hand, AI has considerable potential 230 
not only to improve product design and manufacturing but also to offer efficient ways to 231 

increase profitability and productivity, reduce costs, and maintain sustainability. On the other 232 
hand, the initial high cost, the possibility of being laid off, the difficulties of storing data, and 233 
ethical issues are the main challenges of the technology. Therefore, it is crucial for 234 

mechanical engineering to address these issues and reap the greatest benefits while 235 
minimizing AI's negative impacts. Thus, it might entail implementing strategies such as 236 
employee training, improving data acquisition methods, and ensuring that AI can explain 237 
itself. This paper examines how effective strategies can drive change through artificial 238 

intelligence in mechanical engineering, promoting innovative ideas to make the process 239 
smarter and more efficient for the future. AI is poised to revolutionize mechanical 240 
engineering through better design, optimized production lines, and improved condition 241 
management and maintenance. Advanced tools like generative design help engineers quickly 242 
create lightweight, optimized products, and automation reduces operational costs. Thus, 243 

enabled by artificial intelligence, predictive maintenance not only saves time during 244 
equipment stoppages but also extends the service life of all mechanical devices, which is 245 
excellent news for consumers' wallets and the environment. 246 
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However, implementing AI in mechanical engineering is not without its challenges. The high 247 

initial costs of AI technologies, coupled with the need for specialized expertise, can be 248 
prohibitive, especially for small and medium-sized enterprises. Moreover, the potential for 249 
job displacement and the reliance on high-quality data introduce significant hurdles that need 250 
to be addressed for the successful integration of AI in the industry. Ethical concerns regarding 251 

accountability and cybersecurity also remain important considerations as AI becomes more 252 
embedded in mechanical engineering practices. Despite these challenges, AI holds 253 
considerable promise for revolutionizing mechanical engineering. By overcoming barriers 254 
such as cost and workforce transition, and ensuring the ethical deployment of AI, the 255 
mechanical engineering sector can fully leverage the benefits of this technology, driving 256 

future advancements in efficiency, innovation, and sustainability. 257 

 258 
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