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Intelligent Manufacturing of Polymers: Convergence of AI and 3D Printing

ZHANG Qingtian
(Zhengzhou University of Technology, Zhengzhou 450044, China)

Abstract: The intelligent manufacturing of polymer materials is undergoing transformative advancement through the
deep integration of artificial intelligence (AI) and 3D printing technologies, which has broken through the limitations of
traditional processes and promoted innovation across the entire chain from material research and development and
manufacturing processes to industrial applications. The article systematically examined the collaborative innovation
pathways empowered by Al In the field of material design, machine learning models significantly shortened the
development cycle for polymer formulations, and multi-modal defect co-diagnosis technology enhanced the detection
accuracy of composites. In manufacturing process optimization, a dynamic parameter control system based on deep
learning effectively addressed challenges in 3D printing such as warping deformation and interlayer bonding. By
integrating digital twin technology to build a closed-loop feedback control system, real-time monitoring and resource
optimization throughout the entire production process were achieved, which improved material utilization while reducing
energy consumption. In terms of industrial applications, the synergy between Al and 3D printing drove performance
breakthroughs in aerospace ultra-lightweight components, biodegradable biomedical scaffolds, and automotive lightweight
parts. Looking ahead, the intelligent manufacturing of polymeric materials needs to focus on overcoming challenges such
as the analysis of multi-material interface mechanisms and the process optimization of bio-based materials. By employing
cross-scale modeling and intelligent closed-loop systems, the "smart and green" manufacturing paradigm should be further
advanced. The research findings provided support and practical references for the technological integration and innovation
direction guiding the intelligent manufacturing of polymeric materials from laboratory research and development to
industrial implementation.
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Fig.1 Al-enabled intelligent manufacturing of polymer materials
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Fig.2 Principles of main process technologies for 3D printing
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Tab.1 Main materials and application scenarios of 3D printing
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Fig.3 Intelligent manufacturing system for polymer materials

based on digital twins
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