
 
______________________________________________________________________ 

EVOLUTIONARY DESIGN AND ADDITIVE MANUFACTURING: 

EXPLORING THE INTERCONNECTION BETWEEN 3D PRINTING AND 

ARTIFICIAL INTELLIGENCE 

  

Amanda Carolina Ambrizzi Ramin 1; Claudia Alquezar Facca 2 

  
1 Scholarship Student of the GCSP-IMT (EEM/CEUN-IMT). 

2 Mentor of the GCSP-IMT (EEM/CEUN-IMT). 
 

Article history: Received on 2024-11-08 / Presented at GCSP-IMT Seminar on 2024-12-05 /Available online from 2025-03-20 

 

Abstract. This study investigates the interconnection between 3D printing and artificial 

intelligence. The accelerated evolution of 3D printing and AI technologies presents a 

unique opportunity to enhance digital design and manufacturing processes. This article 

will provide an initial theoretical framework addressing the three main themes: 

generative design, additive manufacturing, and artificial intelligence. Additionally, it will 

outline the methodology employed in the research, detailing the approach taken to 

explore these interconnections. Furthermore, case studies will be presented to illustrate 

how these three topics converge in practical applications, demonstrating the potential for 

innovation and efficiency in various industries. 
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Introduction 

  

The rapid evolution of additive manufacturing is revolutionizing the process of 

creating objects, offering new possibilities. The advancement of artificial intelligence 

(AI) is redefining data manipulation and streamlining the product development cycle, 

making them more accessible and customizable for consumers. The convergence of these 

two fields has the potential to drive generative design, allowing for the optimization of 

the creation process in a more precise and flexible manner to meet each user's needs. By 

combining creativity with technological efficiency, innovative and highly personalized 

solutions can be developed for a wide range of applications and sectors, effectively 

addressing diverse individual and collective needs. 

   

Objectives 

 

The main objective of this research is to explore the interconnection between 

additive manufacturing (AM), specifically 3D printing, and artificial intelligence (AI). 

This study aims to explore the several ways these fields intersect and how their integration 

can enhance technological innovation and design projects. The specific objectives include 

the following: 

1. Conduct a literature review on evolutionary design, 3D printing, and artificial 

intelligence to identify recent advancements and trends. 

2. Analyze case studies that demonstrate the integration of 3D printing and AI in 

product design projects. 
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3. Investigate the state-of-the-art materials, equipment, and digital 

manufacturing processes relevant to the intersection of 3D printing and AI. 

4. Identify specific gaps and opportunities where the integration of 3D printing 

and AI can be further explored and optimized in the design field.  

  

Development 

  

This project centers on exploring the theoretical connections between design, 3D 

printing, and artificial intelligence, beginning with a comprehensive literature review. 

Case studies were analyzed to illustrate real-world applications, highlighting how AI-

driven generative design and additive manufacturing are employed in industry. 

Additionally, an interview with a professional in additive manufacturing provided 

insights into AI integration needs. At this point, no practical experimentation has been 

conducted. The project employs bibliographic research, case studies, and interviews. 

Research involved accessing academic databases, blogs, and company websites using a 

computer, reference manager, and note-taking application. Selected case studies explore 

the applications and limitations of integrating these themes, while the interview was 

recorded with a smartphone, transcribed, and noted for insights.  

 

Theoretical foundations 

 

The first theme explored in this study is generative design, a creative process that 

combines human ingenuity with computational algorithms to gene rate innovative and 

optimized design solutions (Bohnacker et al., 2012); (Autodesk, 2018). The concept 

emerged in the 1960s, when the focus was on experimenting with algorithms and creating 

abstract forms. By the 1990s and early 2000s, generative design tools and techniques had 

evolved, emphasizing product optimization and the generation of customized solutions. 

However, it was after 2010 that generative design became widespread across industries 

such as architecture, product design, and engineering. This expansion is due to increasing 

computational power and the growing demand for more personalized and rapid solutions 

(Borsodi and Takács, 2022). 

Beyond this brief historical overview, it is important to highlight the key 

principles and concepts of generative design. Among the principles is the use of 

algorithms to explore the “design space” – a set that includes all viable solutions based 

on defined parameters. Another principle is the fitness function, which evaluates the 

quality of the generated solutions. This is an iterative process, involving continuous 

generation, evaluation, and refinement of designs. The core concepts include algorithms 

(the instructions that generate responses), parameters (which control the outcomes), and 

constant evolution, which aims to create fresh solutions based on existing ones. These 

principles and concepts are essential to ensure the success of the generative design process 

(Borsodi and Takács, 2022). 

As mentioned, the applications of generative design are broad. In architecture, for 

example, it is used to generate building facades and assist in urban planning. In product 

design, it enables the customization and optimization of products based on individual 

customer needs. Thus, generative design proves to be both versatile and advantageous. 
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The second theme explored in this study is additive manufacturing, a subset of the 

broader field of digital fabrication that bridges the gap between the digital and physical 

worlds. Although the idea of creating three-dimensional objects through additive 

processes dates to the early 20th century, significant advancements only occurred in the 

second half of the century. In the 1960s, Chuck Hull developed stereolithography (SLA), 

a technique that uses lasers to solidify photosensitive resin. By 1980, S. Scott Crump 

introduced Fused Deposition Modelling (FDM), a technique that builds objects layer by 

layer through the deposition of melted filaments. However, it was not until the 1990s that 

digital manufacturing gained widespread recognition, and the term "3D printing" was 

coined by Chuck Hull. Today, additive manufacturing is widely established as a 

revolutionary technology (Venturelli, 2024). 

In addition to this historical perspective, it is essential to highlight the key 

concepts and principles of additive manufacturing. The core concepts include creating 

digital models, which involves designing and modelling objects on a computer, defining 

their shape, characteristics, and details. The second concept centers on manufacturing 

technologies, particularly 3D printing, which is the focus of this research. The guiding 

principles of additive manufacturing encompass customization, allowing products to meet 

the specific needs and expectations of consumers, and rapid prototyping, which enables 

the efficient and swift production of physical prototypes (Murphy, 2023). 

These concepts and principles open a wide range of applications for this 

technology. For example, the flexibility in creating digital models allows us to produce 

parts across various sectors, from automotive to healthcare. Additionally, rapid 

prototyping reduces the time required to bring new products to market, streamlining the 

development process (Franco and Costa, 2019). 

The third and final theme explored in this study is artificial intelligence (AI), a 

branch of computer science focused on developing computational systems capable of 

imitating human cognitive abilities, such as reasoning, perception, decision-making, and 

problem-solving (Silva, 2013). The roots of AI can be traced back to the 17th century 

when René Descartes proposed that the human mind functions like a machine. However, 

the subject only resurfaced in the mid-20th century when the first computational model 

for neural networks was created, and the Dartmouth Conference formally recognized AI 

as a scientific field. After this recognition, research slowed due to a lack of resources, but 

it gained momentum in the 1980s with the development of new algorithms and more 

powerful hardware. The 1990s saw further advances with the creation of the internet and 

the World Wide Web (WWW), leading to applications like automatic translation. In the 

2000s, machine learning and deep learning revolutionized AI, with breakthroughs in 

image recognition, natural language processing, and other areas. Today, AI systems are 

increasingly integrated into everyday life, with tools like ChatGPT and Samsung’s 

Galaxy AI becoming widely accessible (FIA, 2020). 

Building on this historical context, several key principles and concepts in AI are 

noteworthy. These include learning, achieved through machine learning, deep learning, 

and neural networks; automation, involving natural language processing (NLP) and 

computer vision; logical reasoning, used in planning and problem-solving; and 

optimization, which seeks efficient and straightforward solutions. Additionally, ethical 
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and safety concerns are frequently discussed to ensure that development of AI benefits 

society. 

  

Case studies  

 

 In this section, there will be presented three cases studies that show the integration 

of Design, Artificial Intelligence and Additive Manufacturing. 

 

 Case Study 1: Kartell’s AI-Designed Chair 

The first case study examines a project presented at Milan Design Week in 2019 

by Philippe Starck, the renowned French designer and architect, in collaboration with 

Kartell, a furniture company. Starck unveiled a chair (Figure 1) designed to support a 

person's weight using the least amount of material possible. Surprisingly, Starck revealed 

that Autodesk’s artificial intelligence (AI) AutoCAD created the chair — the software he 

uses for his models — despite the design visually resembling something that could have 

been created by a human designer. This raises an important question: why involve AI if 

the result looks similar to what a person could create? (Jordahn, 2019). 

 

Figure 1 – Philippe Starck’s AI Chair (Davis, 2018) 

 
 

The true advantage of AI in this case lies in the production process. Starck worked 

with the machine, inputting his design preferences, while the AI generated models based 

on those inputs and the set requirements. Starck then selected the most aesthetically 

pleasing options. His main request was that the chair use minimal material, and the 

algorithm managed the structural and aesthetic decisions, having been fed with Starck’s 

previous ideas and models. According to Lorenza Luti from Kartell, the AI successfully 

optimized the chair’s form, reducing material waste while maintaining the desired 

functionality and style (Neira, 2020) (Suzuki, 2021). 

This case highlights the productive role AI plays in optimizing designs. The AI 

excelled at refining existing models, leading to greater efficiency in material use. 

However, it also emphasizes that AI does not replace human designers or their creativity. 

Instead, it serves as a powerful tool that enhances the design process. Designers will 

continue to guide creative decisions but must adapt to modern technologies to stay 

relevant in an evolving industry (Davis, 2018). This case was chosen because it highlights 

the intersection between AI and design, demonstrating how AI can help optimize the use 

of materials and production efficiency without reducing the designer's creative 

contribution. 
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Case Study 2: Tim Zarki’s Differential Growth Vases 

Also in 2019, 3D artist and multidisciplinary designer Tim Zarki shared one of his 

projects, the Differential Growth Vases (Figure 2), as part of the Render Weekly 

Challenge. In this project, Zarki explores a creative process that combines the concept of 

differential growth with 3D printing technology. Differential growth, a theory studied in 

fields such as economics, biology, and computer science, describes the phenomenon of 

non-uniform growth in systems (Sheth, 2024). 

 

Figure 2 – Differential Growth Vases made with AI (Zarki, 2024) 

 
 

Inspired by cellular multiplication behavior, Zarki developed an algorithm that 

generates vases based on this concept. He emphasized the non-deterministic nature of the 

algorithm, which can produce anything from symmetrical to highly asymmetrical designs. 

However, it was only in 2024 that these AI-generated vases started to gain significant 

recognition. The modern terminology surrounding artificial intelligence highlighted the 

project even more, showcasing the deepening connection between design and 

computational technologies (Duong, 2024). 

This achievement not only demonstrates how creativity and technology can be 

combined but also emphasizes the growing potential of AI as an integral part of the 

creative process — a potential that is already beginning to materialize in various fields. 

This case was chosen because it highlights the creative potential of AI algorithms in 

generative design, showcasing how computational techniques can produce innovative and 

organic forms that go beyond traditional design boundaries. 

 

Case Study 3: Nike’s A.I.R. Project 

Now in 2024, the global footwear brand Nike made waves by developing a new 

collection of thirteen shoes that combined human sketches, computational and parametric 

design, generative AI, rapid prototyping, and 3D printing. The A.I.R. (Athlete Imagined 

Revolution) project was showcased this year at an exhibition in the Palais Brongniart in 

Paris. John Hoke, Nike’s Chief Design Officer and the project’s lead, explained that the 

shoes not only offer high performance but are also tailored to match the personalities of 

the athletes with whom the brand collaborated (B, 2024). 

The integration of artificial intelligence into this project occurred when the design 

team began creating prompts to generate quick visual concepts, which served as 

inspiration and allowed for the visualization of futuristic 3D-printed footwear (Figure 3). 

Throughout the process, customization parameters were added based on each of the 

thirteen athletes' personalities and preferences. With these base images, computational 
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designers employed algorithms and modeling software to fuel the 3D printers and rapidly 

prototype the products (Burgos, 2024). 

 

Figure 3 – Examples of shoes of Nike’s A.I.R. Project (Burgos, 2024) 

 
 

The release of this collection demonstrates how the convergence of human 

creativity and AI is revolutionizing design. It facilitates rapid prototyping, accelerates the 

creative process, and enhances personalization, all while striving to meet consumer 

expectations. This case was chosen because it exemplifies the integration of AI and 3D 

printing to achieve mass customization, pushing the boundaries of personalization and 

design efficiency in a high-demand commercial environment. 

 

Interview Insights 

 

After the online exploratory research, speaking with a professional in the field of 

additive manufacturing would provide valuable insights into the equipment, 

methodologies, and possibilities for integrating AI into the design process. The interview 

was conducted with Eng. Guilherme Ikeda, Fab Lab Mauá Manager. The manager shared 

valuable insights on the available 3D printing equipment and methodologies, as well as 

the role AI can play in enhancing production processes (Guilherme Ikeda, personal 

communication, October 3rd, 2024). All the information in the following paragraphs was 

gathered through the interview. 

The Fab Lab Mauá currently utilizes various 3D printing technologies, such as 

FDM (Fused Deposition Modeling) and SLA (Stereolithography), each one serving 

specific purposes depending on the project’s requirements. FDM is typically used for 

larger, mechanically resistant prototypes, while SLA is preferred for more delicate and 

precise pieces. The manager emphasized the importance of choosing the right technology 

and material for each project, with PLA (Polylactic Acid) and ABS (Acrylonitrile 

Butadiene Styrene) being the most used materials for their balance of durability and ease 

of use.  

Additionally, the advances in the 3D printing field are very broad. In the medical 

field, for example, the challenge is to print organs for transplants and surgeries, although 

it’s a long-term goal. Another emerging area is food printing, which has already become 

a reality, even though the limits are still being explored. In construction, it’s possible to 

print furniture and, eventually, entire houses. Those are all examples that show that 3D 

printing is a technology with multiple potential directions.  

In terms of AI integration, the Fab Lab Manager is already seeing advancements, 

particularly in enhancing production efficiency. For example, newer models of 3D 

printers come equipped with AI systems that monitor printing quality in real-time, 

correcting issues such as porosity or blockages as they arise such as K1 from Creality 

(Figure 4) (Creality, 2022). 

This interview reinforces the idea that while AI is not replacing human creativity, 
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it is becoming a good tool for improving manufacturing processes. AI helps speed up 

production, enhances precision, and allows designers to focus more on the creative 

aspects of their work, while AI handles repetitive or technical tasks. 
 

Figure 4 – Creality K1 3D printer (Creality, 2022) 

 
 

Results and Discussion  

  

 The main hypothesis that will be discussed here is the validation of AI in the field 

of addictive manufacturing and its uses. 

 The three case studies demonstrated the practical application of artificial 

intelligence in additive manufacturing. Each case study highlighted ways AI improved 

both creative and production processes across the industries, from furniture to footwear. 

 In the first case, Philippe Starck’s collaboration with Autodesk’s AI to design a 

minimalist chair shows AI’s ability to optimize material usage while maintaining a good 

aesthetic. In the second case, Tim Zarki’s Differential Growth Vases explores the non-

deterministic nature of AI in creative design. This algorithm illustrates how AI can be 

used to generate organic forms. The final case, Nike’s A.I.R. Project, demonstrates how 

AI can be integrated into the mass customization of footwear by using prompts based on 

athletes’ preferences. All these cases show that AI can be very versatile integrating with 

3D printed products, but even so, it won’t replace humans.  

 In addition to the case studies, the interview conducted highlighted the current 

state of 3D printing available and how AI is already contributing to improving 

productivity of the process.  

 One of the main conclusions of the interview is that AI enhances efficiency, 

especially in error detection and correction during the printing process. It was mentioned 

that newer 3D printers are equipped with AI system that monitor printing quality in real 

time, correcting issue as material blockages and porosity before it really affects the final 

product, increasing the precision and reliability of the process. 

 Furthermore, the idea that AI is not replacing humans, but adding to their 

creativity and improving manufacturing processes was supported. AI manages repetitive 

or technical tasks while humans focus on creation.  

The integration of artificial intelligence with 3D printing offers advantages, 

there’re still challenges and limitations. The first challenge is the current technological 

limitations of AI in complex design processes. Although AI can optimize and automate 

certain aspects of design and production, its capacity for creativity and problem-solving 

is still limited compared to human designers. It occurs because it lacks the ability to 
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understand the feelings and context as humans do. Also, the practical integration of AI is 

a challenge in terms of training and usability. It requires a lot of training to perform 

complex tasks, and the person operating must have at least a minimal understanding of 

both AI and 3D printing technologies to effectively use them.  

Another limitation is the cost of AI-driven 3D print. Its costs cause a problem of 

accessibility since it is not cheap technology nor cheap maintenance and materials for 

personal purposes. Regarding the speed, there are 3D printers such as K1 that are faster, 

however the common ones are still slow compared to it. Also updating the AI system in 

the ones that already have it - or integrating it on the ones that do not - wouldn’t be a 

simple task (Kokorin, 2023). It also leads people to think about what technology is used 

for each project. For the ones that are large in quantity and dimensions, plastic injections 

are a better option than 3D printing, although depending on the dimensions it can cost a 

lot more. As for small projects, 3D printing trends attend well enough (Portela, 2019). 

As for the ethical questions, since AI in design is emerging, it comes to the surface 

whose authorship is when the work is done. Although AI can generate optimized and 

innovative solutions, the extent to which it should be relied on instead of human input 

remains a topic of debate, particularly in areas such as product design, where creativity is 

highly valued (Brey and Dainow, 2023; Chambers, 2023). 

The last point is sustainability as a limitation. Though AI can reduce material 

waste, around 50% of the materials used in 3D printing are not environmentally friendly 

(Lee, 2023). Finding ways to integrate AI with sustainable materials remains a challenge 

that needs to be addressed to make the entire design and manufacturing process more 

environmentally friendly. In addition, the maintenance of an AI also has an excessive cost 

for the environment, since a large amount of water is used to cool the server (Oliveira, 

2024), amounting to billions of liters (Lopes, 2023).   

  

Conclusion 

  

 In summary, the integration of generative design, additive manufacturing, and 

artificial intelligence represents a convergence of creative and technical innovation. 

Generative design enables the exploration of complex, optimized solutions tailored to 

specific needs, fostering greater creativity and adaptability in design processes. Additive 

manufacturing translates these digital designs into physical forms, bridging the digital 

and physical worlds through efficient, layered production methods that allow for rapid 

prototyping and personalization. Finally, artificial intelligence enhances both generative 

design and 3D printing by automating tasks, optimizing workflows, and expanding the 

possibilities for human-machine collaboration. Together, these three fields pave the way 

for new applications across industries, from architecture to healthcare, offering 

unprecedented opportunities for customized, efficient, and sustainable production. 

As it seemed, both case studies and interview insights were aligned to the 

conclusion that people won’t be completely replaced by artificial intelligence. However, 

they differ at point of the use for it. While the interview showed more technical use, the 

case studies showed creative use.  

 There are still notable challenges and considerations within both AI and 3D 

printing, particularly regarding their integration. Issues such as material constraints, cost 

implications, questions of authorship and creative agency need further exploration and 

resolution to support wider adoption and streamline workflows. 
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In conclusion, the integration of AI and 3D printing holds significant potential for 

design and manufacturing, offering opportunities for highly customized and optimized 

products across various sectors. While the practical aspects of this project remain focused 

on theoretical exploration for now, future developments may allow for practical 

experimentation, depending on the availability of resources and alignment with project 

objectives. This opens the door to exploring hands-on applications that could further 

validate the insights gained from this research. 
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