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Abstract—Additive manufacturing (AM), which is another name for 

3D printing, is an essential technology for Industry 4.0, which can be 

described as the incorporation of digital technologies into the 

operations of manufacturing businesses. The present investigation 

offers a comprehensive analysis of the role that AM plays within the 

context of Industry 4.0. Industry 4.0, also known as the fourth 

industrial revolution, is an initiative that aims to integrate advanced 

technologies such as the internet of things, big data, and automation 

in order to create intelligent manufacturing processes and the 

accompanying infrastructure. Additive manufacturing, also known as 

3D printing, is a groundbreaking technology that has the potential to 

revolutionize manufacturing by enabling on-demand, autonomous, 

and customized products. The research presented here aims at the 

present status of AM uses in Industry 4.0, including rapid prototyping, 

and end-part production. It also addresses the difficulties and 

constraints of additive manufacturing, as well as its merging with 

other Industry 4.0 technologies. Overall, this study offers useful 

insights into the role of AM in Industry 4.0 and its ability to transform 

the manufacturing industry. This review's results can assist academics, 

engineers, and practitioners in better understanding the present status 

of AM in Industry 4.0 and identifying possibilities for future study and 

development. 

INTRODUCTION 

As part of the fourth industrial transformation, also known as 

Industry 4.0, smart technologies like 'the Internet of Things' 

(IoT), 'artificial intelligence' (AI), and robotics will be 

incorporated. [1-4] The development of smart organizations 

and manufacturing process will make use of these technologies. 

The objective of this collaboration is to raise product quality 

while optimizing production procedures to reduce costs and 

enhance output. [5-8] 3D printing, also known as additive 

manufacturing, is a technology that enables the creation of 

three-dimensional objects by building them layer by layer using 

a digital design. [9-21] even though the fourth industrial 

revolution has allowed its maximum promise to be achieved. 

The fourth industrial revolution's important technology is AM, 

which enables the rapid, precise, and customized creation of 

complicated components.[22-25] By making it possible to build 

smart plants that can mass create customized goods, Industry 

4.0 and additive manufacturing have the potential to 

revolutionize the manufacturing sector. Due to the 

collaboration, the manufacturing process can be monitored in 

real-time and optimized, which reduces wastage and enhances 

productivity. Customized components can also be produced on 

demand, which may decrease waiting times and carrying costs. 

[23-28] Additive manufacturing, has emerged as a 

transformative technology in Industry 4.0. This technology 

allows manufacturers to create complex parts and components 

with precision, speed, and cost-effectiveness, which was not 

possible with traditional manufacturing methods. [29-33] By 

using digital designs, additive manufacturing eliminates the 

need for tooling, molds, and other fixed assets, thereby reducing 

the time and costs associated with traditional manufacturing. 

AM is also helping manufacturers to create customized 

products, enabling them to meet the changing needs and 

preferences of customers. [34,35] By using digital design files, 

manufacturers can quickly and easily modify designs to meet 

the specific requirements of customers. This capability is 

particularly useful in the medical, aerospace, and automotive 

industries, where customized parts are often required. 

Furthermore, additive manufacturing is helping manufacturers 

to improve their supply chain management. By producing parts 

on-demand, manufacturers can reduce the need for inventory, 

warehouse space, and transportation. This allows them to 

operate with greater flexibility and efficiency, thereby reducing 

lead times and costs.[36] 
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Figure 1: Industry 4.0's foundational elements.[29] 

Overall, additive manufacturing is a key enabler of Industry 4.0, 

allowing for greater flexibility, agility, and innovation in 

manufacturing and production processes. Its benefits are likely 

to continue to grow as the technology improves and new 

applications are discovered. This paper explores the current 

state of AM applications in Industry 4.0, including its use in 

rapid prototyping, tooling, and end-part production. It also 

discusses the challenges and limitations of AM in this context, 

such as the need for standardization, scalability, and cost-

effectiveness, as well as the integration of AM with other 

Industry 4.0 technologies. 

TYPES OF INDUSTRIAL REVOLUTIONS: A 

HISTORICAL OVERVIEW OF TRANSFORMATIVE 

TECHNOLOGICAL SHIFTS 

The industrial revolution refers to a period of profound and 

rapid economic and social change that took place in Europe and 

North America between the late 18th and mid-19th centuries. It 

is characterized by the emergence of new manufacturing 

technologies, improvements in transportation and 

communication infrastructure, and the rise of capitalism and 

market economies. The industrial revolution is often divided 

into four distinct phases. [37-39] 

First Industrial Revolution the Age of Steam and 

Mechanization (1760-1840): The first industrial revolution 

started in the late 18th century in Britain and continued until the 

mid-nineteenth century. It was characterized by the emergence 

of new manufacturing technologies, such as the steam engine, 

which greatly increased the efficiency of textile production. 

Other key innovations included the spinning jenny, power 

loom, and the cotton gin. These new technologies led to the 

growth of factories and the mass production of goods, and 

paved the way for the development of industrial capitalism. 

Second Industrial Revolution (1870-1914): The second 

industrial revolution, referred to be the technical revolution, 

started in the late nineteenth century and continued until the 

beginning of World War I. It was defined by a surge of new 

inventions, such as the internal combustion engine, telephone, 

light bulb, and aircraft. These new technologies led to the 

growth of new industries, such as the automobile and electrical 

industries, and transformed the way people lived and worked. 

[36-39] 

Third Industrial Revolution (1960s-1990s): The third 

industrial age, formerly referred to be the digital revolution, run 

from the 1960s to the 1990s. It was characterized by the 

emergence of new technologies such as the computer, the 

internet, and the mobile phone, which transformed the way 

people communicate, work, and access information. These new 

technologies also led to the growth of new industries, such as 

the software and telecommunications industries, and paved the 

way for the rise of the information economy. [37-39] 

Fourth Industrial Revolution (2010s-present): The fourth 

industrial revolution, also known as Industry 4.0, refers to the 

continuing change of the manufacturing and production sectors 

as a result of new technologies such as the Internet of Things, 

artificial intelligence, and sophisticated automation. The 

merging of physical and digital systems, the creation of smart 

manufacturing, and the greater use of robotics and data 

analytics are all hallmarks of this transformation. The fourth 

industrial revolution is anticipated to change how we live and 

work, as well as have a significant effect on the global 

economy. [37-39] 

Table 1: Comparison among various industrial phases. [37-39] 

Industrial 

Phase 

Time 

Period 

Key Innovations Major Economic 

Developments 

First 

Industrial 

1760s-

1840s 

Steam engine, spinning 

jenny, power loom, 

locomotive 

Factory system, 

urbanization, 

increased trade 

Second 

Industrial 

1870s-

1914 

Electricity, internal 

combustion engine, steel, 

chemistry 

Globalization, rise 

of multinational 

companies 

Third 

Industrial 

1960s-

2000s 

Computers, 

semiconductors, 

telecommunications 

Growth of service 

industries, 

outsourcing 

Fourth 

Industrial 

Present 

day 

Artificial intelligence, 

IoT, 3D printing, 

robotics 

Increasing 

automation, gig 

economy,   e-

commerce 

 

THE ROLE OF ADDITIVE MANUFACTURING IN 

INDUSTRY  

3D printing, also known as additive manufacturing, has been 

identified as an important component of Industry 4.0, the fourth 

phase of industrial change defined by the merging of digital 

technologies and production mechanization. Additive 

manufacturing enables the creation of highly customized and 

complicated shapes with less waste and quicker development 

periods, thereby enabling the digitalization and automation 

concepts of Industry 4.0. Furthermore, the use of additive 

manufacturing in Industry 4.0 can result in new business 

models and income sources, as well as improved supply chain 
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adaptability and speed. Integrating additive manufacturing into 

Industry 4.0, on the other hand, poses difficulties, such as the 

need for more advanced materials and processes, as well as 

more complex software and hardware.[36] Overall, additive 

manufacturing has the ability to greatly change the 

manufacturing industry while also playing an important part in 

the current Industry 4.0 transformation. 

 
Figure 2: Smart Manufacturing Components of Industry 4.0 [45] 

CURRENT STATE OF AM APPLICATION IN 

INDUSTRY 4.0 

AM has been a key driver of Industry 4.0 and has made 

significant progress in recent years. AM technologies are being 

used across various industries for different applications, 

including prototyping, tooling, and end-part production. [40] 

Prototyping: AM is extensively used in rapid prototyping, 

enabling designers and engineers to quickly produce and test 

product designs. AM has also enabled the development of new 

design and product optimization strategies that were not 

previously possible.[41] 

Tooling: AM is increasingly being used to produce customized 

tooling for manufacturing processes. Traditional tooling is 

expensive and time-consuming to produce, but with AM, 

tooling can be produced quickly and at a lower cost. This allows 

manufacturers to be more agile and flexible in their production 

processes. 

End-part production: AM is being used for the production of 

end-use parts, particularly in low-volume production, and 

where customization or complexity is required. In some cases, 

AM can produce parts that are impossible or difficult to 

manufacture using traditional methods. This can result in 

lighter, more durable, and more efficient parts. 

In the aerospace industry, AM is being used to produce 

lightweight components and reduce the weight of aircraft, 

which translates into lower fuel consumption and emissions. In 

the medical industry, AM is being used to produce custom 

implants, prosthetics, and surgical instruments, enabling a more 

personalized approach to healthcare. In the automotive 

industry, AM is being used to produce spare parts and small 

series production, leading to reduced costs and faster time-to-

market.[43] 

Despite the significant progress made in AM, there are still 

some challenges that need to be addressed, such as the need for 

higher production rates, improved materials, and quality 

control. However, it is clear that AM will continue to play a 

vital role in Industry 4.0, enabling manufacturers to produce 

complex parts with greater flexibility, speed, and efficiency. 

 

Figure 3: Ford Motor Company is evaluating the Stratasys 

Infinite Build 3D printer for large-scale 3D manufacturing of 

automobile components.[44] 

Overall, AM has proven to be a game-changer in the field of 

rapid prototyping, enabling faster product development, 

reduced costs, and greater design flexibility. As the technology 

continues to improve, we can expect to see even more 

innovative applications of AM in the future. 

Jigs and fixtures: AM can be used to produce customized jigs 

and fixtures for manufacturing processes. These tools are used 

to hold parts in place during production, ensuring that they are 

correctly aligned and positioned. By using AM to produce jigs 

and fixtures, manufacturers can reduce lead times and costs 

associated with traditional manufacturing methods. 

Molds: AM is used to produce molds for various manufacturing 

processes, including injection molding and casting. By using 

AM, Molds with complicated shapes can be produced that 

would be challenging or impossible to make using conventional 

production techniques. Furthermore, AM can decrease the time 

and expense involved with mold production, allowing for a 

quicker time-to-market. Cutting tools: AM can be used to 

produce customized cutting tools, including drill bits and 

milling cutters. By using AM, manufacturers can produce 

cutting tools with complex geometries, enabling more precise 

and efficient machining. Additionally, AM can reduce the time 

and cost associated with producing cutting tools, enabling faster 

production cycles. 

Dies and punches: AM can be used to produce dies and 

punches for sheet metal forming processes. By using AM, 

manufacturers can produce customized dies and punches with 

complex geometries, enabling more precise and efficient 

forming. Additionally, AM can reduce the time and cost 

associated with producing dies and punches, enabling faster 

production cycles. 
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Overall, AM is increasingly being used to produce customized 

tooling for manufacturing processes, enabling faster time-to-

market, reduced costs, and greater design flexibility. As the 

technology continues to evolve, we can expect to see even more 

innovative applications of AM for tooling production. 

End-part production: AM is being used for the production of 

end-use parts, particularly in low-volume production, and 

where customization or complexity is required. In some cases, 

AM can produce parts that are impossible or difficult to 

manufacture using traditional methods. This can result in 

lighter, more durable, and more efficient parts. 

AM is increasingly being used to produce tooling for 

manufacturing processes. The ability to quickly produce 

customized tooling using AM has revolutionized the way 

manufacturers approach tooling design and production. Here 

are some examples of AM used for tooling. 

THE CHALLENGES AND LIMITATIONS OF AM AS 

WELL AS THE INTEGRATION OF AM WITH OTHER 

INDUSTRY 4.0 TECHNOLOGIES 

AM has made significant progress in recent years, there are still 

several challenges and limitations that need to be addressed. 

Additionally, the integration of AM with other Industry 4.0 

technologies presents both opportunities and challenges. Here 

are some of the challenges and limitations of AM and the 

integration of AM with other Industry 4.0 technologies 

Challenges and limitations of AM 

Limited material options: While there has been progress in 

developing new materials for AM, the range of materials 

available is still limited compared to traditional manufacturing 

methods. 

Surface finish and accuracy: AM parts may require additional 

post-processing to achieve the desired surface finish and 

accuracy, which can add to the production time and cost. 

Production rate: While AM has made significant progress in 

terms of speed, it still lags behind traditional manufacturing 

methods in terms of production rate, making it less suitable for 

mass production 

Quality control: Quality control of AM parts can be 

challenging due to the layer-by-layer nature of the 

manufacturing process, making it more difficult to detect 

defects. 

Integration of AM with other Industry 4.0 technologies 

Data integration: Integration of AM with other Industry 4.0 

technologies requires data integration between different 

systems and processes, which can be challenging. 

Internet of Things (IoT): IoT sensors can be used to monitor 

AM processes in real-time, enabling predictive maintenance 

and reducing downtime. 

Augmented Reality (AR): AR can be used to visualize and 

simulate AM processes, helping designers to optimize the 

design of the part before printing, and engineers to identify 

defects and improve the quality of printed parts. 

Robotics: Robotics can be used to automate the AM process, 

improving efficiency and accuracy. 

By integrating AM with other Industry 4.0 technologies, 

manufacturers can address some of the challenges and 

limitations of AM, improving the quality, speed, and efficiency 

of production. 

CONCLUSION 

In conclusion, additive manufacturing, or 3D printing, is a key 

technology in Industry 4.0, which aims to integrate digital 

technologies into manufacturing processes to create smart and 

interconnected systems. This comprehensive review has 

provided valuable insights into the role of AM in Industry 4.0, 

including its current applications in rapid prototyping, tooling, 

and end-part production, as well as its potential to transform 

manufacturing by enabling on-demand, decentralized, and 

customized production. The review has also highlighted the 

challenges and limitations of AM, as well as the need for 

integration with other Industry 4.0 technologies. The 

knowledge gained from this review can help researchers, 

engineers, and practitioners to better understand the current 

state of AM in Industry 4.0 and to identify opportunities for 

further research and development. As such, the findings of this 

review have significant implications for the future of the 

manufacturing industry, and the potential for AM to 

revolutionize the way we produce goods. 
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