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ABSTRACT

3D printing technology has been a revolutionary innovation in mechanical engineering, offering
solutions to improve efficiency, flexibility and sustainability in manufacturing processes. This
paper aims to explore the role of this technology in mechanical engineering, by analyzing the
challenges and opportunities faced, as well as its impact on the future development of
manufacturing. This research utilizes a scientific literature approach to identify the benefits,
constraints, and contributions of 3D printing technology to improve the quality and effectiveness
of manufacturing processes. The results show that this technology enables the production of parts
with complex designs, reduces material waste, and speeds up production time, but faces
challenges related to device costs, material limitations, and product quality. In addition, the
integration of 3D printing technology with sustainability principles has a positive impact on
reducing the carbon footprint in the industry. This study provides additional insights into the
contribution of 3D printing technology to the development of mechanical engineering and offers
strategic recommendations to maximize its potential.

Keywords: 3D printing technology, mechanical engineering, manufacturing, sustainability,
complex design, innovation, industrial development.

INTRODUCTION

In the ever-evolving digital age, 3D printing technology has emerged as one of the most
revolutionary innovations that is changing the way we produce and distribute goods. Since its
introduction, the technology has undergone significant advancements, ranging from simple
printing methods to complex and sophisticated processes. With the ability to print three-
dimensional objects from various materials, 3D printing offers flexibility and efficiency that
traditional production methods cannot achieve. This makes it an invaluable tool in a variety of
industries, including manufacturing, healthcare, and architecture.

One sector that has felt a huge impact from 3D printing technology is mechanical engineering.
In this field, the ability to print parts and prototypes with high precision allows engineers and
designers to test their ideas quickly and efficiently. This process speeds up product
development cycles, and reduces manufacturing costs and material waste. As such, 3D printing
has become an important tool in engineering innovation, allowing professionals to create more
complex and functional designs (Nur & Muskhir, 2023).

The development of 3D printing technology also opens up new opportunities in product
customization. In the world of mechanical engineering, the ability to produce parts customized
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to specific specifications is invaluable, especially in applications that require high levels of
accuracy and performance. With 3D printing, companies can better meet customer needs,
creating more efficient and effective solutions. Therefore, it is important to understand how
this technology continues to evolve and contribute to advancements in mechanical engineering
and other sectors.

3D printing technology has undergone rapid development in recent decades and now plays an
important role in various sectors, including mechanical engineering. It offers the ability to print
objects with high precision and complexity that are difficult to achieve through traditional
manufacturing methods. However, while the great potential of this technology has been
recognized, its application in mechanical engineering still faces various challenges that need to
be further explored

One of the main problems faced in the application of 3D printing in mechanical engineering is
the limited materials that can be used. The materials available for 3D printing, especially in
mechanical engineering, are still limited to certain types such as resins, plastics, and certain
metals. This limits the application of 3D printing technology to produce parts that require
specific material characteristics, such as resistance to high temperatures or certain mechanical
properties.

Production costs using 3D printing technology are often still higher compared to traditional
manufacturing methods. Equipment and material costs, as well as longer production times for
some applications, are limiting factors for the widespread adoption of this technology in the
mechanical engineering industry. This especially impacts small and medium-sized companies
that have limited budgets (Widiatmoko, 2023).

Another issue lies in the complexity of the design and the need for specialized software to
support the 3D printing process. In mechanical engineering, component design often requires
a high level of accuracy and detail, which is difficult to achieve without sophisticated software.
However, this software often has high license fees and requires specialized skills to operate.

3D printing technology also faces challenges in terms of quality control. Components produced
using this method often have variations in terms of mechanical strength, dimensional precision,
and surface quality. These issues can cast doubt on the reliability of the resulting components,
especially for applications that require high safety standards, such as in the aviation or
automotive industries (Chong et al., 2018).

The environmental impact of 3D printing technology is also a concern. The printing process
often generates material waste, especially if the prototype or component does not meet the
desired specifications. In addition, the high energy usage to operate 3D printing machines adds
to the environmental burden, which poses a challenge to achieving sustainable manufacturing.

Regulations and standards that are not yet fully developed are also an obstacle to the integration
of 3D printing technology into mechanical engineering. Industry often finds it difficult to
determine whether the products produced meet applicable requirements, especially in highly
regulated manufacturing environments. The absence of consistent standards may hinder the
wider adoption of this technology.

12 SICO, October 2024, Vol. 5 No. 2



The lack of human resources trained to operate and manage 3D printing technology is also a
significant issue. Many education and training institutions have yet to fully incorporate this
technology into their curriculum, creating a skills gap in the labor market.

Competition with established traditional manufacturing technologies is also a big challenge.
Technologies such as machining and casting already have higher cost and time efficiency in
many mechanical engineering applications. This makes many companies hesitant to invest in
3D printing technology, especially if there is no guarantee of long-term benefits.

On the innovation front, the speed of evolution of 3D printing technology is also an issue. The
rapid development of the technology makes many companies concerned that their investments
in 3D printing equipment and systems will soon be obsolete. This concern is a significant
barrier to the adoption of this technology.

This paper aims to explore the role of 3D printing technology in mechanical engineering by
analyzing the challenges faced as well as the opportunities that can be leveraged to increase its
effectiveness in the industry. It also aims to provide an overview of the impact this technology
will have on future manufacturing processes and its contribution to the overall development of
mechanical engineering.

RESEARCH METHODS

This research uses a qualitative approach with a literature study method to analyze the role of
3D printing technology in mechanical engineering. This method was chosen because it allows
exploration of the concepts, applications, and impacts of 3D printing technology based on
academic literature, research reports, and other reliable sources. The main focus of this research
is to explore the benefits of 3D printing technology in mechanical engineering, barriers that
may be faced, and potential future innovations.

The literature search was conducted using the academic database Google Scholar. The
keywords used in the search included "3D printing in mechanical engineering”, "additive
manufacturing benefits”, "technological challenges in 3D printing"”, and “integrating 3D
printing in manufacturing”. Sources selected included relevant journal articles, textbooks,

conference papers, and industry reports.

Inclusion criteria included publications within the last 10 years, sources with a focus on
mechanical engineering, and articles that addressed practical applications or theoretical studies of
3D printing technology. Exclusion criteria included publications that were not relevant to
mechanical engineering or that contained only commercial promotion without scientific discussion.

Data analysis was conducted thematically to identify patterns, key concepts and important
findings from the reviewed literature. The first step in the analysis was to group the literature
based on key themes, such as production efficiency, improved component design, and waste
reduction in mechanical engineering. The second step involved a comparative analysis to see
how 3D printing technology is applied in various industrial and academic contexts.

The output of this method is expected to provide an understanding of the role of 3D printing
technology in mechanical engineering, identify existing challenges, and provide research-based
recommendations for more effective implementation in the future. This approach also aims to
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contribute to the development of 3D printing-based manufacturing technology with a strong
theoretical and practical foundation.

This research is expected to be a reference for academics and practitioners in the field of
mechanical engineering, and to guide the development of policies and innovations related to
3D printing technology in the manufacturing industry.

RESULTS AND DISCUSSION
Exploring the Role of 3D Printing Technology in Mechanical Engineering

3D printing technology has been one of the revolutionary innovations in mechanical
engineering, offering unprecedented production flexibility. In manufacturing, this technology
enables rapid prototyping with high accuracy, which is helpful in the initial product design
process. However, despite its many advantages, the application of this technology faces
challenges, such as the need for significant initial investment in hardware and software. In
addition, the materials used in the 3D printing process often have a high cost and require special
management to ensure their sustainability. This affects the ability of small and medium-sized
companies to adopt this technology widely. Even small companies do not have sufficient
budget for the initial investment in hardware and software required for this technology. The
cost of maintenance and training employees to use 3D printing machines can also be a
significant burden, making SMEs hesitant to invest even though this technology offers great
potential for efficiency and innovation in the production process.

One of the main challenges in the application of 3D printing is the limited materials available
for the manufacturing process (Espera et al., 2019). Materials such as metals, polymers, and
composites often require certain specifications to be used in 3D printing, which limits product
diversification. Metal-based materials, for example, require specialized technologies such as
selective laser melting (SLM) that are only accessible to large companies. In addition,
developing new materials for 3D printing requires time-consuming and costly research and
development. These factors create barriers for companies looking to expand their applications
to various industrial sectors.

The speed of the production process is also one aspect that needs to be considered in the
application of 3D printing technology in mechanical engineering (Liu et al., 2018). While this
technology enables the manufacturing of complex parts in a single step, the production time
required to print large products is often longer than conventional manufacturing methods. This
becomes an obstacle when industries require mass production in a short period of time. In
addition, the limited size of the printing press also limits the ability of this technology to
produce large parts in a single printing run.

From a technical perspective, the quality of final products produced through 3D printing often
requires post-production processes to improve strength, durability, and aesthetics (Budiono &
Purnomo, 2024). Some methods such as sintering or heat treatment are required for metallic
materials, while coating or smoothing processes are needed for polymers (Marsudi & Herlina,
2023). These additional steps increase production costs and require additional resources, such
as skilled labor and specialized equipment. These challenges suggest that 3D printing is often
more suitable for small-scale production or prototyping than mass production.
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However, 3D printing technology also offers great opportunities in the field of mechanical
engineering, especially when it comes to personalization and complex designs. The technology
enables the creation of designs that were previously difficult or impossible with conventional
methods, such as lightweight structures that have high durability. With the ability to print
directly from digital models, companies can significantly reduce product development cycle
times. This opportunity paves the way for new product innovations that are more efficient and
environmentally friendly.

The automotive and aerospace industries are two sectors that have benefited significantly from
3D printing technology. In the automotive industry, the technology is used to create complex
and lightweight engine components, which helps improve the fuel efficiency of vehicles
(Afdhol et al., 2024). In the aerospace sector, aircraft components produced from 3D printing
enable the reduction of aircraft weight without compromising strength or safety. These
implementations prove the great potential of this technology to provide innovative solutions in
the mechanical engineering sector.

Software developments in 3D printing have created innovative opportunities for the mechanical
engineering sector. One example is generative design software, which allows engineers to
evaluate thousands of design options by considering various parameters, such as weight,
strength and cost. By combining this software with three-dimensional printing technology, the
process of creating prototypes and final products can be done in a more efficient and optimized
way, resulting in better solutions to complex design challenges.

This data-driven technology also contributes to faster decision-making in the manufacturing
process. With in-depth analysis and accurate simulations, professionals can make more
informed and strategic decisions, reducing the time required for product development. This
increases productivity, and enables companies to adapt quickly to changing market needs and
technological innovations, thus strengthening their position in a competitive industry (Yeh &
Cheh, 2018).

In terms of sustainability, 3D printing has great potential to reduce manufacturing waste. This
additive manufacturing process allows for the precise use of materials, reducing the need for
excess raw materials. In addition, recycled materials can also be used in some applications,
improving the environmental sustainability of the production process (Baharuldin et al., 2024).
Thus, these technologies help companies to reduce costs and meet sustainability demands from
consumers and regulators.

The use of 3D printing technology in education and training has opened up significant
opportunities to upskill the mechanical engineering workforce. Many educational institutions
are now beginning to integrate this technology into their curriculum, giving students direct
access to cutting-edge, industry-relevant tools and processes. By utilizing 3D printing, students
learn theory, and gain valuable practical experience in designing and producing parts (Song,
2018). This allows them to understand how this technology can be applied in real operations,
as well as improve their competitiveness in the job market.

This training based on 3D printing technology plays an important role in creating a workforce
that is ready to face the challenges of an ever-evolving industry. With skills gained through
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hands-on experience, graduates are expected to capitalize on the opportunities offered by 3D
printing in the mechanical engineering industry, such as the development of more efficient and
innovative products. In addition, an understanding of the production and design processes
integrated with this technology will prepare them to contribute significantly to projects that
require creativity and technical expertise. Thus, the integration of 3D printing in education
enhances individual skills, and contributes to the advancement of the industry as a whole (To,
Al Mahmud, & Ranscombe, 2024).

3D printing technology in mechanical engineering presents significant challenges and offers
great opportunities that can be capitalized on with the right strategy. By understanding the
limitations and potential of this technology, industries can design more effective approaches to
integrating 3D printing in their production processes. This improves efficiency and supports
innovation and sustainability in the mechanical engineering sector.

The Impact of 3D Printing Technology on Future Manufacturing Processes and its
Contribution to Mechanical Engineering Development

3D printing technology is expected to play a strategic role in the future manufacturing revolution
by providing more flexible and efficient production methods. One of its key advantages is the
ability to print products directly from digital designs without the need for molds or other
specialized tools. This reduces production time and costs, allowing small-scale manufacturers
to compete with large companies. In addition, 3D printing enables on-demand production,
where parts can be made on demand without the need for excess inventory (MacDonald &
Wicker, 2016). This capability is expected to change the traditional manufacturing paradigm
that usually relies on mass production (Sun et al., 2015). With this technology, manufacturing
is more decentralized, allowing small factories or even individuals to produce goods that
previously could only be made in large facilities (Supriandi & Muthmainah, 2023).

In terms of material development, 3D printing technology has paved the way for the exploration
of new materials specifically designed to meet mechanical engineering needs. Composite
materials designed with specific microscopic structures can be created to improve durability,
flexibility or extreme temperature resistance. In the future, intelligent materials that can
respond to the environment, such as changes in temperature or pressure, are expected to be
integrated into the 3D printing manufacturing process. Thus, machine parts can be made more
efficiently and have more optimized performance compared to traditional methods. These
innovations benefit mechanical engineering and support the development of cross-disciplinary
technologies, such as robotics and nanotechnology (Grinin et al., 2024).

The impact of this technology on machine design is also significant, especially with the ability
to print complex shapes that were previously difficult to realize using conventional methods.
Engineers can use generative design algorithms to produce lighter yet stronger structures,
which is particularly useful in the aerospace and automotive sectors. These designs reduce the
weight of the vehicle or engine and save energy during its operation. In addition, the ability to
print complex internal geometries enables the development of more efficient cooling or fluid
circulation systems in engines. This potential provides great opportunities for future design
innovations (Wawryniuk et al., 2024).
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In the healthcare sector, 3D printing technology has been used to create medical devices, such
as prosthetics, with a high degree of personalization. This has inspired mechanical engineering
to develop customized components designed to suit the unique needs of a particular user or
operational environment. This personalization can be applied to a wide range of sectors, from
heavy machinery components to high-precision equipment. The impact is an increase in
operational efficiency as well as a reduction in the risk of damage or failure as each component
is designed specifically for its task. As such, this technology supports the development of more
reliable and adaptive machines (Junianto, 2019).

3D printing technology has great potential to support environmental sustainability in manufacturing
processes. This additive manufacturing method minimizes material waste compared to
subtractive manufacturing methods, such as cutting or drilling. In the future, recycled materials
or biomass materials could be more widely used in 3D printing, reducing dependence on non-
renewable raw materials. This is in line with the global need to reduce the industry's carbon
footprint. The technology also enables localized production, which reduces the need for large-
scale transportation and logistics, making it more environmentally friendly (Lee et al., 2024).

In terms of production cost reduction, 3D printing offers a highly competitive solution for small
companies or startups looking to break into the mechanical engineering industry (Dyota et al.,
2023). The cost of prototyping or producing small quantities of parts can be significantly
reduced with this technology. In the future, as 3D printing hardware and materials become
more affordable, more companies may adopt this technology in their production processes. As
such, barriers to entry into the mechanical engineering industry will be reduced, creating more
innovation opportunities from small to medium-sized businesses.

In addition to its impact on manufacturing processes, 3D printing is also expected to make a
major contribution to education and training in mechanical engineering. Educational
institutions can utilize this technology to provide hands-on training to students on the design,
fabrication and evaluation of engineering components. This practical experience helps to create
a workforce that is better prepared to face challenges in the industry. Educational laboratories
can use this technology to demonstrate basic mechanical engineering principles, such as load
analysis or material properties, in a more interactive and engaging manner (Chong et al., 2018).

The technology's ability to produce products with a high degree of accuracy also provides great
benefits to the research and development sector. Researchers can quickly print experimental
parts to test new concepts without having to wait for time-consuming traditional production
processes. This accelerates the innovation cycle and enables the development of new
technologies in a shorter time. In addition, with their design flexibility, researchers can
experiment with new structures that were previously difficult to realize (Beltagui et al., 2020).

The development of 3D printing technology also enables integration with other technologies,
such as artificial intelligence (Al) and the Internet of Things (1oT). This combination opens up
opportunities to create smarter and more connected manufacturing systems. For example, 3D
printing machines equipped with 10T sensors can monitor the print process in real-time and
provide analytical data to improve production quality. This technology can also be used for
prediction of malfunctions or maintenance needs on the printing machine, thereby improving
overall operational efficiency (Huang et al., 2023).
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3D printing technology has enormous potential to transform the field of mechanical
engineering through the various innovative applications it offers. One of the key advantages of
this technology is its ability to print complex parts with a high degree of precision. This allows
engineers and designers to create shapes and structures that were previously difficult or even
impossible to produce using conventional methods. With the ability to produce lighter and
stronger parts, 3D printing improves product performance, and opens up opportunities for more
creative and functional designs. The technology serves as a catalyst for innovation,
encouraging mechanical engineering professionals to think beyond traditional boundaries.

In addition, 3D printing technology contributes significantly to minimizing waste and
supporting sustainability in manufacturing processes. This additive printing method uses
materials only according to design requirements, thereby reducing material waste that often
occurs in conventional subtractive machining processes. By optimizing the use of materials,
companies can reduce production costs and the environmental impact of the manufacturing
process. Sustainability is becoming increasingly important amid growing awareness of
environmental issues and the need to adopt greener practices in industry. As such, 3D printing
improves operational efficiency, and contributes to broader sustainability goals in mechanical
engineering.

The future of mechanical engineering will increasingly depend on how 3D printing technology
can be effectively integrated in manufacturing and product development processes. The
flexibility offered by this technology allows companies to personalize products according to
customers' specific needs, which is a growing trend in today's market. With the ability to
quickly produce prototypes and perform design iterations, companies can accelerate product
development cycles and respond more quickly to changes in market demand. Therefore, the
adoption of 3D printing technology in mechanical engineering will increase efficiency and
innovation, and will be a key factor in the competitiveness of enterprises in the industrial era
4.0. The successful integration of these technologies will pave the way for greater advances in
design, production, and product development in the future.

CONCLUSION

The conclusion of this study shows that 3D printing technology has a significant impact on the
development of mechanical engineering, both in terms of design, production, and operational
efficiency. It offers solutions to industry challenges such as design flexibility, material waste
reduction, and time and cost efficiency. The ability to print complex shapes and personalize
parts opens up new opportunities in sectors ranging from automotive to healthcare. In addition,
the integration of this technology with sustainability concepts contributes significantly to the
reduction of the carbon footprint in the manufacturing process.

However, there are still various obstacles that need to be overcome, including the high cost of
hardware and materials, limited types of compatible materials, and the challenge of maintaining
the quality of the products produced. In addition, the adoption of this technology requires
substantial investment in education and training to ensure the workforce has the relevant skills.
Therefore, it will take a collective effort from industry, government and academia to develop
the necessary supporting infrastructure.
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As a suggestion, strategic steps should be taken to encourage widespread adoption of this
technology. First, more diverse and environmentally friendly new materials need to be
developed to expand the application of this technology in mechanical engineering. Second,
collaboration between industry and educational institutions needs to be improved to produce a
workforce that is skilled and adaptive to new technologies. Third, regulations that support the
use of this technology must be developed to ensure sustainability and compliance with safety
standards. Thus, 3D printing technology can be optimally utilized to drive innovation and
growth in mechanical engineering.

REFERENCES

Afdhol, M. Z., Utama, F. Y., Sakti, A. M., & Abdi, F. I. (2024). Perancangan Intake Manifold Diesel Engine Yanmar
L48N6 dengan Metode Fused Deposition Modelling. Jurnal Rekayasa Mesin, 9(02), 366-372.

Baharuldin, K., Abdullah, M. E. Z., Anwar, M. F. M., & Harun, M. H. (2024). Sustainable Furniture Joints:
Leveraging Fused Deposition Modeling (FDM) for Eco-Friendly Design. In BIO Web of Conferences (Vol.
131, p. 05015). EDP Sciences.

Beltagui, A., Rosli, A., & Candi, M. (2020). Exaptation in a digital innovation ecosystem: The disruptive impacts
of 3D printing. Research policy, 49(1), 103833.

Budiono, H. S., & Purnomo, S. J. (2024). Effect of Extrusion Temperature Variations for Manufacturing 3D Printer
Filament Based on Used Bottle Waste on Impact Strength. Jurnal E-Komtek (Elektro-Komputer-Teknik),
8(1), 168-176.

Chong, S., Pan, G. T., Chin, J., Show, P. L., Yang, T. C. K., & Huang, C. M. (2018). Integration of 3D printing and
Industry 4.0 into engineering teaching. Sustainability, 10(11), 3960.

Dyota, A. S., Kamila, F. T., Saptaji, K., Fikri, M. R., Hadisujoto, I. B. S., Setiawan, I., & Ramadhan, A. I. (2023).

Pengembangan Alat Cetakan Kue Akar Kelapa Otomatis Untuk Pelaku Usaha Mikro Kecil Dan Menengah
(UMKM). Jurnal Pengabdian Masyarakat Teknik, 5(2), 59-64.

Espera, A. H., Dizon, J. R. C,, Chen, Q., & Advincula, R. C. (2019). 3D-printing and advanced manufacturing for
electronics. Progress in Additive Manufacturing, 4, 245-267.

Grinin, L., Grinin, A., & Korotayev, A. (2024). Nanotechnologies, Robotics, Artificial Intelligence and Other
MANBRIC Technologies in the Long-Term Development. In Cybernetic Revolution and Global Aging:
Humankind on the Way to Cybernetic Society, or the Next Hundred Years (pp. 403-457). Cham: Springer
International Publishing.

Huang, R., Long, L., Deng, Q., & Li, Z. Y. (2023). 3D printing of fiber-integrated plasmonic micro-grating tip
enabling high-resolution real-time and in-site refractive index sensing. Optics & Laser Technology, 167,
109796.

Junianto, A. B. (2019). Peran Keahlian Tangan dan Digital Dalam Proses Perancangan Produk Oleh Mahasiswa.
Jurnal Strategi Desain dan Inovasi Sosial, 1(1), 42-54.

Lee,J. M., Tan, M. J., Ma, W. C., & Yeong, W. Y. (2024). Decision matrix for integrating 3D printing technologies
for biomanufacturing of alternative testing model. The International Journal of Advanced Manufacturing
Technology, 130(9), 4137-4149.

Liu, X., Yuk, H., Lin, S., Parada, G. A., Tang, T. C., Tham, E., ... & Zhao, X. (2018). 3D printing of living responsive
materials and devices. Advanced Materials, 30(4), 1704821.

Marsudi, M. & Herlina, F. (2023). Peningkatan Mutu Produk Dengan Metode Statistical Process Control Di Industri
Elektronik. In: SNTTM XXI, 5 Oktober 2023, Bandung.

MacDonald, E., & Wicker, R. (2016). Multiprocess 3D printing for increasing component functionality. Science,
353(6307), aaf2093.

Nur, M., & Muskhir, M. (2023). Sistem Auto Resume Pada 3d Printer. Ranah Research: Journal of Multidisciplinary
Research and Development, 5(2), 104-109.

19



Song, M. J. (2018). Learning to teach 3D printing in schools: How do teachers in Korea prepare to integrate 3D
printing technology into classrooms?. Educational Media International, 55(3), 183-198.

Sun, J., Zhou, W., Huang, D., Fuh, J. Y., & Hong, G. S. (2015). An overview of 3D printing technologies for food
fabrication. Food and bioprocess technology, 8, 1605-1615.

Sunarto, G., Katmini, K., & Eliana, A. D. (2023). Efektifitas Biaya Penggunaan Teknologi Pencetakan 3D (Industri
4.0) pada Alat Bantu Ortotik Prostetik. Jurnal Penelitian Kesehatan" Suara Forikes"(Journal of Health
Research" Forikes Voice"), 14(1), 17-26.

Supriandi, S., & Muthmainah, H. N. (2023). Penerapan Teknologi Mesin Pembelajaran Dalam Sistem Manufaktur:
Kajian Bibliometrik. Jurnal Multidisiplin West Science, 2(09), 833-846.

To, T. T., Al Mahmud, A., & Ranscombe, C. (2024). Opportunities and challenges of 3D printing integration into
engineering education in developing countries. Educational Technology & Society, 27(4), 191-217.

Wawryniuk, Z., Brancewicz-Steinmetz, E., & Sawicki, J. (2024). Revolutionizing transportation: An overview of
3D printing in aviation, automotive, and space industries. The International Journal of Advanced
Manufacturing Technology, 134(7), 3083-3105.

Widiatmoko, J. A. (2023). 3D Printing Untuk Usaha Mikro Dalam Perspektif 5M. Mustek Anim Ha, 12(01), 1-14.

Yeh, C. C., & Chen, Y. F. (2018). Critical success factors for adoption of 3D printing. Technological Forecasting
and Social Change, 132, 209-216.

20 SICO, October 2024, Vol. 5 No. 2



