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Fig.1 A Multi-dimensional Correlation Diagram of the
Integrated Application of Additive Manufacturing and
Artificial Intelligence
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Fig.3 Examples of Al-enabled Additive Manufacturing Material Development:

Frameworks'*’

Active Learning Design of High-entropy Alloy
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Fig.4 Artificial Intelligence-empowered Additive Manufacturing Structures from Design to Finished Product Case Study:

Metamaterials with Programmable Fracture Resistance **’
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Fig.5 Cross-scale Coordination and Implementation Methods for Metal Component MSPI-AM'®*; A, Microstructural Homogenization
of Specific Printing Materials'®’ ; B. Interface Compatibility between Multiple Printing Materials(® ; C. Suitability of Printing Materials
for Specific Structures and Functions'®! ;D. Laser Absorption Behavior of Particles'®”’ ;E. Powder Melting Behavior!®*’ ;F. Formation
Mechanism of the Melt Pool[“];G. Solidification Behavior of the Melt Poolm];H. Multi-process Printing Using Collaborative 3D
Printers and Six-axis Robots for Transportation and Post-processing Assemblym' ;1. Large Aircraft Cabin Components with Multi-
structures Mimicking Organic Cell Structures and Skeletal Growth Found in Living Organisms via Laser Printing{721 ;J. Mechanical and
Thermal Multifunctional Hot-fire Testing of Additive-manufactured Cu/Inconel 625 Bimetallic Combustion Chambers and Nozzles for
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The Application of Artificial Intelligence in the Field of Additive Manufacturing

Qifang Yu'  Zijue Tang' Maosong Wang'  Zhenyang Gao'
Yi Wu' Yongbing Li*  Haowei Wang' Hongze Wang'"
1. School of Materials Science and Engineering, Shanghai Jiao Tong University, Shanghai 200240, China
2. School of Mechanical Engineering, Shanghai Jiao Tong University, Shanghai 200240, China
Abstract Additive manufacturing currently faces challenges such as conflicts between design complexity and
manufacturability , difficulties in coordinating materials, processes,and performance,significant quality fluctuations,and
high costs. Artificial intelligence (Al) technology offers new solutions to overcome these limitations. This paper reviews
the potential application areas of artificial intelligence in the field of additive manufacturing ,namely material development,
structural design,process optimization,and intelligent equipment. In materials science, Al significantly shortens R&D
cycles by accelerating composition design and geometric configuration innovation. For structural design,Al-driven
generative design and reverse engineering achieve extreme structural performance and innovation. Regarding process
optimisation, Al is employed for process parameter optimisation, performance prediction,design for manufacturability ,and
error correction, effectively enhancing forming quality and dimensional accuracy. Concerning intelligent equipment, Al-
enabled real-time monitoring and adaptive control are propelling additive manufacturing apparatus towards embodied
intelligence with perception,cognition,and decision-making capabilities. Building upon existing achievements, this paper
further analyses current challenges facing AI,while outlining future directions for achieving fully integrated closed-loop
systems and developing autonomous, cognitively embodied intelligent equipment. This aims to provide theoretical guidance
for the intelligent upgrading of additive manufacturing.

Keywords additive manufacturing; artificial intelligence ; machine learning ; process optimization ; materials development;

structural design;embodied intelligence
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